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ABSTRACT

The cotton bollworms, Helicoverpa armigera were reared on the artificial diet in the
laboratory. The development of this species were not significant differences in each of 4
successive generations. The irradiation of mature male pupae at 0, 50, 100, 150 and 200 gray
showed that the sterility was significantly different at the dose above 150 gray. The sterility of
F, progeny was significant differences, F, progeny were more sterile than the treated male
parent at all dose. Labolatory mating competitiveness indicated that P, moths from irradiated
male pupae at 150 gray and their F, male moths were fully competitive against untreated males

in mating with untreated females.
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INTRODUCTION

The cotton bollworm, Helicoverpa armigera (Lepidoptera : Noctuidae) is a well
known and serious key pest of economically important crops. It is a highly polyphagous species
that can attack a diverse array of plant species in many plant families. At least 60 cultivated and
67 uncultivated plants have been reported to be host-plants of the species. Recently, H. armigera
has been recorded on over 103 species of plants of which 61 species are crops including legumes,
cereals, cotton, vegetable and other cropsm. H. armigera has also demonstrated successtul
development of resistance to a range of insecticides, which has led to field failure in many cropsm.
Development of resistance by HA. armigera to pyrethroids has recently been reported in many
countries and shown to be influenced by genetic, ccological, behavioral and agronomic

Glad)
factors.

High fecundity is a major characteristic of the armigera specics combining with a
short generation period which contributes to high capacity for population growth.m H. armigera
can casily maintain population and become serious problem in various cropping system in many
parts ot the world.

Knipling first demonstrated the potential advantage of inherited sterility over the
sterile insect technique (SIT) through the use of population models. North & Holt'” calculated the
theoretical depression of Trichoplusia ni {(Hubner) populations resulting from a single release of
partially sterile males at a 1:1 or 9:1 sterile male/ wide male ratio. They projected that 92%
control could be obtained for three generations. Similar conclusions were expressed for Galleria
mellnella (L), Ephestia cautella(Walker)(g) and Spodoptera frugiperda (J.E. Smith)”.
Objectives of the study were

1. To study the cfficiency of laboratory rearing H. armigera on artificial diet.

2. To study the effects of substerilizing doses of gamma radiation and inherited
sterility on the insect reproduction.

3. To study effects of substerilizing doses of gamma radiation on mating

competitiveness.

MATERIALS AND METHODS

1. Laboratory rearing on artificial diet

The culture was started with eggs and larvae which were reared on artificial diets in
the laboratory. The composition of the diet is shown in Table 1A. The adults emerging from

pupae were paired in oviposition cages (Lantern globe, 12x12.5 ¢m, covered with paper towel
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fixed with a rubber band and placed on the plastic basin containing water). A 10% honey solution
was provided as food and paper towel was employed and covered with lid as an oviposition
substrate. Eggs were removed daily and kept in the plastic container (9cm x 18cm) until hatching
occurred. The larvae, after hatching, were reared on the artificial diet. The observations on various
biological parameters were recorded from laboratory rearing at 2742°C, 70%10% relative
humidity (RH) and 10:14 (light:dark) photoperiod.
Developmental data for 4 successive generations on egg hatchability, larval period,
pupal recovery, pupal weight and moth emergence were recorded.
2. Radiation effects on mature pupae
Mature male pupae (931 days) from the laboratory culture were irradiated with 50,100,150
and 200 Gy at dose rate of 33.6 Gy / min in a “Co gamma irradiator (Gamma Beam 650). The
similar group of pupae was held as a control. Treated and untreated pupae were held in the same
conditions previously described. Data on moth emergence, moth deformation and longevity were
recorded.
2.1 Production of parents
The sterility of parent moths was recorded from the following crosses for each
radiation dose:
1) UTF x UTM (Control)
2) UTFx T™
Where UT stands for untreated, T stands for treated, M stands for male and F stands
for female. Each treatment was replicated using oviposition cages with five pairs of moths per
cage per replication.
2.2 Production of F, progeny
The moths used in this experiment were obtained from the parents (P,) crosses of the
respective radiation doses. The F, moths of each dose were crossed separately in the following
combinations to record their sterility, fecundity and longevity:
1) UTF x UTM (Control)
2y UTFxFM

3) F,F x UTM
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Where F|F stands for females and F\M stands for males obtained from P| irradiated
as mature male pupae. The procedures adopted to record sterility, fecundity and longevity were
similar to those described carlier for production of parents. The data were analysed by the
analysis of variance (ANOVA) and the means compared by Duncan’s new multiple range test at

p=0.05.

3. Mating competitiveness

Mating competitiveness of irradiated males and F, male progeny was studied. The
male moths and F, male moths from male parents irradiated with 150 Gy as mature pupae, normal
male moths and normal female moths were caged in oviposition cages. Data from four treatiments
showed the ratio of irradiated or F, males : normal male : normal female were 0:1:1, 1:0:1 , 1:1:1
and 3:1:1. Each cage was provided with a 10% honcy solution and paper towel served as an
oviposition site for the female. The eggs were collected daily and the number of hatched cggs in
cach population was recorded. The competitiveness value and expected cgg hatch rates were

computed as described by Fried."”

RESULTS

1. Laboratory rearing

Table 1.1 Duration of various development stages of the cotton bollworm, Helicoverpa armigera

under laboratory condition (27i2OC, 70£10 %RH and 10:14 (L:D) photoperiod )

Devclopment stages Range Mean £ S.D
(d) (d)

Egg : 2-3 2.41 1 0.05
Larva : Instar 1 2-3 225+ 044
Instar 2 1-3 1.9510.39
Instar 3 1-3 2.00 £ 0.92
Instar 4 1-3 2.00 1 0.86
Instar 5 3-6 4.5510.89

Pupa : 10-12 10.78 £ 0.83
Adult : male 16-35 29.0 13.82
female 10-34 17.6 1 6.25

No. eggs/female - 1,356.15 + 437.96
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Table 1.2 Devclopment of cotton bollworm, Helicoverpa armigera for 4 successive generations

reared on an artificial diet at 2742°C. 70210% relative humidity(RH) , 10:14

(light:dark) photoperiod

Gen MeantS.D
Egg hatchability Larval Pupal Pupal Moth
period recovery weight emergence

(%) (d) (%) (g) (%)
1 73.20%9.38 a 14.80%1.76a 863716244 0.32110.31a 94371224 a
2 71.72%5.63 a 13.961039a  87.30%1.67a 0.327£0.01a 96.5910.01 a
3 69.0519.23a  1590F0.62a  89.2010.62a  03155002a  95.7410.02a
4 727718112  14024059a  82.15%0.59a  0.3167F0.01a 95.8310.01 a

Means in columns followed by the same letter are not significantly different at 5% level.

2 Radiation effects on mature pupae

Table 2.1 Effects of gamma radiation on moth emergence, moth deformation, longevity -and

sterility of cotton bollwonm, Helicoverpa armigera, following irradiation of mature

pupac
Dose Moth emergence Moth deformation Longevity Sterility
(Gy) (%) (%) (d) (%)
0 99.17 a 1.56 a 13.35¢ 27.04 a
50 97.50 a 3.54 ab 10.20 ab 30.49a
100 98.75 a 291 ab 945 a 3312 a
150 9792 a 5.39 ab 11.65be 48.84 b
200 99.06 a 833 b 11.10 ab 6273 ¢

Means in columns followed by the same letter are not significantly different at 5% level.
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Table 2.2 Survival and male progeny of F, progeny of irradiated cotton bollworm, Helicoverpa

armigera, from male parents irradiated as mature pupae

Dose to P, male No. larvae implanted for Pupal recovery Male progeny
rearing (%) (%)
0 1,080 7825a 52.58 a
50 245 74.00 a 50.38 a
100 332 73.75a 51.03 a
150 232 70.75 a 63.85 ab
200 378 51.50b 77.22b

Means in columns followed by the same letter are not significantly different at 5% level.

Table 2.3 Effects of gamma radiation on fecundity, longevity and sterility of the F, progeny from

male parents of cotton bollworm, Helicoverpa armigera, irradiated as mature pupae

Dose Fecundity Longevity (d) Sterility (%)
(Gy) ( Eggs/female ) Male Female Male Female
0 1,356 a 29.00 ¢ 17.60 a 26.17 a 26.17 a
50 1,519 a 26.13 be 18.00 a 52.770b 52.75b
100 1,347 a 24.90 ab 17.55a 92.01 cd 84.76 ¢
150 1,292 a 26.35 be 17.15a 96.84 d 9891d
200 1,085 a 2255a 1719 a 100.0d 100.0 d

Means in columns followed by the same letter are not significantly different at 5% level.
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3 Mating competitiveness

Table 3 Mating competitiveness of irradiated males of cotton bollworm, Helicoverpa urmigeru,

with 150 Gy and their F, males

Cross ratio Egg hatch (%) Competitiveness value Y
TM : UTM : UTF " Observed Expected Y
P, 0:1:1 52.67 - -
1:0:1 27.10 - -
1:1:1 34.16 39.88 .17
3:1:1 27.75 33.49 1.20
F, 0:1:1 57.65 - -
011 0 - -
1101 19.34 28.82 1.49
3:1:1 6.90 14.41 2.08

Means in columns followed by the same letter are not significantly different at 5% level.
Y TM for treated males, UTM for untreated males, UTF for untreated females.
¥ The competitiveness value and expected egg hatch rates were computed as described by Fried

(1971).

DISCUSSION AND CONCLUSION

The development of laboratory rearing is one of the major prerequisites leading to the
application.of sterile insect release methods for the control of target inscct species. In the present
studies, the cotton bollworm was successfully reared on the artificial diet. The diet was improved
of a medium on vitamin stock and wheat germ. Composition of the diet was shown in Table 1A.
The development of this species were not significantly different on egg hatchability, larval period,
pupal recovery, pupal weight and moth emergence in each of 4 successive generations(Table 1.2).
The resuits were in close conformity with Sutantawongm) , who dcveloped a method for mass-
rearing of the cotton bollworm (Table 1.2} with better results than the those of Sutantawong. The
difference might be differ of vitamin stock and the replacement of tetracycline hydrochloride with
wheat germ. The vitamin mixture was similar to that developed in earlier work'~ .which came out
as commercial product, “Bodivitin”. Composition of the vitamin solution is presented in Table

1A.
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An important consideration in using artificial diet is the contamination of rearing
medium by microorganism. Contamination was usually traceable to poor technique or mite
infestations. Good sanitation practices were sufficient to hold contamination at Jow levels when
the antimicrobial agents were included in the diet. In addition, the larvae were separated before
reaching the 3 " instar. Large larvae of H. armigera are cannibalistic. Efforts are in progress to
furthurly improve the diet while keeping in view the economics of rearing.

The effect of radiation on mature male pupae of cotton bollworm, H. armigera when
old pupae were treated with doses ranging from 50 to 200 Gy found moth emergence for both
treated and untreated pupae to be significantly different while pupal irradiation showed a higher
incidence of moth deformation at dose of 200 Gy when compared with untreated insects. Moth
deformation was positively correlated with radiation doses. The above results were similar to
those reported by Henneberry and Clayton(m oh pink bollworms, P. gosspiella, (Saunders) when
old pupae were treated with 50 to 150 Gy of doses. Longevity of P, moth following radiation of
mature male pupae varied significantly with radiation doses. Longevity of P, moth decreased with
increasing radiation doses (Table 2.1). The results were also similar to those reported by Qureshi
etal™” on pink bollworm when old pupae were treated with doses ranging from 50 to 200 Gy but

contrast to that reported by Henneberry and Clayton.(m

The difference remained unexplained,
but might be related to quality of insects. The results indicated that pupal irradiation may be a
viable option if pupal harvesting techniques can be developed that are compatible with other mass
rearing procedures. The sterility from matings of treated males at doses of 50 to 200 Gy with
untreated females was considerably higher than that from the reciprocal matings. The sterility
slightly increased with increasing radiation doses. Similar results were also reported by
Henneberry and Clayton(m , Qureshi et al. " on pink bollworms, P. gosspiella , Sutrisno et al. "
on diamondback moth, Plutella xylostella when old pupae were treated with doses ranging from
50 to 200 Gy. They suggested that the sensitivity differential between males and females might
be an advantage if a single dose of radiation would partially sterilize males and completely
sterilize females. The sterility probably occurred because of the lack of eupyrene sperm
transferred by irradiated males during mating.“(’)

The cffects of radiation on inherited sterility of cotton bollworm, H. armigera were

similar to thosc described for other species of Lepidoptera. The results of this study were

concluded that higher doses of irradiation reduced survival of F, larval to adult stages. The
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number of survival larvae decreased as the doses applied to P, males increased. At all doses, the
number of F, larvae that survived to emerge as adults was lower than the control. The number of
survival of F, larva to adult was significant lower than control at the dose of 200 Gy. The sex
ratio of the emerging F, adults was also skewed in favor of males, and significantly more males
were obtained than in controls when the P, males were treated with dose of 200 Gy (Table 2.2).
The similar results reported by LaChance et al. “ on pink bollworm; they reported that the
survival to adult stage of F, larvae at all doses were significantly lower than the control and the
sex ratio of the emerging F, adults was also skewed in favor of males and significantly more
males were obtained than the control when P, males were treated with dose of 50 Gy and above.
Carpenter et al’ similarly reported on fall armyworm when irradiated P, adults with dose of
100 Gy.

Knipling“” and LaChance et al."” reported that the F, progeny were either fully or
partially sterile depending on the doses of irradiation received by the male parent. The F, progeny
were more sterile than the treated P, male parent regardless of the doses to the male parents, and
the F, males were usually more sterile than the F, females. The studies showed the similar
characters of the F, progeny. The sterility of F, progeny was significantly different from that of
untreated insects (Table 2.3). Furthermore, the average eggs hatch of F, males treated with doses
of 50 to 150 Gy was higher than that in F, females. Stmilar results were also reported by Omar
and Mansor™", Sutrisno ¢t al.”” on diamondback moth; the sterility of F, progeny were more
sterile than the parents at all doses when male pupae were treated with 50 to 250 Gy of doscs.
They concluded that lower doses of irradiation should be considered for diamondback moth that
would be used in sterile insect releases and that doses as low as 150 to 200 Gy should be tested.

Fecundity of F, females were not significantly different from that of untreated
insects. The resulis was in contrast to the report of Qureshi ez all'? They reported that fecundity
of F, females of pink bollworm obtained from male parent irradiated as mature pupae with doses
of 50 to 150 Gy were reduced as compared with untreated insects. This difference probably
occurred because of the number of F, female moths were not equal number in the design.

Longevity of F, female was not significantly different while that of F, males was
significantly different from untreated insects. F, males from 200 Gy irradiated parents lived
significantly shorter than F, males from untreated parents. The results also agreed with those

reported by Henneberry and Clayton(m . Qureshi et al'’ on F, progeny of pink bollworms, P.
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gosspiella obtained from male parent irradiated as mature pupae with doses of 50 to 150 Gy. All
_these changes on the reproduction of F| progeny must be related to altered genetic information
inherited from the treated male parent.

The studies support results obtained with other species of Lepidoptera: an irradiated
sperm that does not contain a dominant lethal mutation and permits production of a viable larva
was definitely not free from genetic changes that debilitate the progeny inheriting an irradiated
genome. 1.e.. reduced survival of larvae, the shift of sex ratio in favor of males in the F,
generation, and the lower reproductive ability of the F, males. All these changes must related to
the altered genetic information inherited from the treated male parent.

The mating competitiveness of irradiated parental males and their F, male arc
presented in Table 3.3, The average egg hatch in cages with irradiated parental males all
treatments (ratios) were not significantly different but competitiveness showed higher value
because the parental males were treated a low doses which induced partial sterility. Therefore, no
apparent effect on the sterility of parental males when crossed with normal females. However, the
sterility ot F, males was significantly reduced for all treatments when compared with the control.
The competitiveness value of between 1.17 and 2.08 showed that the irradiated males and F,
males could be fully competitive. Similar results were reported by Sallam and Ibraahim” 'on
cotton leatworm, Spodoptera littarali, they reported that mating competitiveness of males
irradiated with 100 or 150 Gy and their F, male progeny were fully competitive with untreated
males in mating with untreated females and released into ficld cages caused significant reductions
in population. Carpenter et al. 2 also reported that the effects of reduced competitivencss of F,
males varied depending upon the release ratio and number of nights which the females were active
in mating and oviposition. However, the results of this study were obtained under laboratory
conditions only.

Still, the results of efficiency of artificial diet and effects of gamma radiation on
mating and reproduction of mature pupae and the inherited effects on mating reproduction of
their F, progeny were also studied under laboratory conditions. Therefore, before final judgement
1s made, it is necessary to study the inherited effects on mating reproduction of F, progeny in the

field that the partially sterile cotton bollworm and their F, progeny can establish populations in the

field.
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is made, it is necessary to study the inherited effects on mating reproduction of F, progeny in the
field that the partially sterile cotton bollworm and their F, progeny can establish populations in the
field.

In addition, the F, generation can be reared in the field. This may be important
because the rearing of most lepidopterous species was costly. It is likely that substantial cost
reductions may be gained by combining the use of F, sterility with various methods of control.
‘Resistant crop cultivars should be planted if available. However, high level populations of
lepidopterous pests may first be reduced by using pathogens, parasites or predators, and then

prevented from rebuilding to damaging levels by means of F, sterility.
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APPENDIX

Table 1A Composition of artificial diet used for rearing Helicoverpa armigera

Ingredients Amount
Bean meal 260 g
Dried baker yeast 20g
Methyl parahydroxybenzoate Sg
Sorbic acid 3g
Ascorbic acid 6g
Wheat germ 6g
Choline chloride lg
Formaldehyde 4 ml
Vitamin stock 20 mi
water 1,500 ml
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Extending Shelf Life of Semi-Dried Shrimp with Low Dose Irradiation

Athapoel Noomhorm, Jirawan Yamprayoon and Apiporn Adulpichit
Processing Technology Program, Asian Insitute of Technology, Paholyothin Rd., Klongluang, Pathumthani,
12120

Tel.: 524-5476 Fax: 524-6200 e-mall: athapol@ait.ac.th

ABSTRACT
Semi-dried shrimp (35% moisture content) was irradiated at 2 and 4 kGy. The results
showed that product moisture content, water activity and pH did not change. Lipid peroxidation
was increased and redness was reduced. However, there was no significant difference of sensorial
propetties. With storage study, irradiation could reduce initial yeast and mold load and
consequently shelf life of semi-dried shrimp could be extended to 35 and 49 days with 2 and 4
kGy of irradiation compared to 10 days with non-irradiated samples. Panelists preferred

irradiated samples.
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