Kasetsart J. (Nat. Sci.) 34 : 401 - 407 (2000)

Effects of Gamma Radiation on M ature Pupae of the Cotton
Bollworm, Helicoverpa armigera (HUBNER) and Their F1 Progeny

Prapon Pransopon! Manon Sutantawong! Praparat Hor mchan?
and Arunee Wongpiyasatid3

ABSTRACT

Mature male pupae of cotton bollworm, Helicoverpa armigera, from laboratory culture were
irradiated at 0, 50, 100, 150 and 200 Gy with doserateof 33.6 Gy/minin® Cogammairradiator. Theresults
were found to have 99.17, 97.50, 98.75, 97.92 and 99.06% moth emergence, 1.56, 3.54, 2.91, 5.39 and
8.33% moth deformation, 13.35, 10.20, 9.45, 11.65 and 11.10 days longevity of P; moths, 27.04, 30.49,
33.12, 48.84 and 62.73% sterility of P; moths respectively.

Effects of radiation on F; progeny showed that surviva of the immature stages of F; progeny
significantly decreased withincreasing dosesirradiated to P; male and the sex ratio of the F; progeny was
significantly skewedinfavor of males. Longevity of F; malemothsfrom male parentsirradiated asmature
pupaeat 0, 50, 100, 150 and 200 Gy were 29.00, 26.13, 24.90, 26.35and 22.55 dayswhilethoseof F, female
mothswere 17.60, 18.00, 17.55, 17.15 and 17.19 days respectively. Fecundity of F; female mothswas not
significantly different but the sterility of F; progeny was significantly different compared with untreated
moths. The sterility of F; male moths were 26.17, 52.77, 92.1, 96.84, 100.00% while those of F, female
moths were 26.17, 52.75, 84.76, 98.91 and 100.00% respectively.
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INTRODUCTION

The cotton bollworm, Helicoverpa
armigera, isawell known and serious key pest of
economically important crops. Insecticide
resistanceand themounting concern over pesticide
pollution have encouraged scientists to seek new
methods of control for the cotton bollworm.

Knipling (1970) first demonstrated the
potential advantage of the inherited sterility over

the sterileinsect technique (SI T) through the use of
population models. North and Holt (1969) induced
inherited sterility in the cabbage loopers,
Trichoplusia ni, by irradiating maleswith 200 Gy
of gamma radiation and mating them with normal
females. They concluded the result to be the ideal
candidate for the use of inherited sterility for
population suppression. Carpenter et al.(1987)
studied the effects of substerilizing doses of
radiationandinherited sterility onthecornearworm
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reproduction. Their findings supported earlier
conclusion. Henneberry and Clayton(1988)
reported that radiation exposure of old pink
bollworm pupae with 0 to 150 of gammaradiation
resulted high incidence of moth deformity. The
sterility of F; mothswas higher than P; moths, and
F, sex ratio skewed in favor of males.
Theobjectivewastostudy effectsof gamma
radiation on mature pupae of the cotton bollworm,
Helicoverpa armigera, and their F; progeny in
terms of morphology as well as physiology.

MATERIALSAND METHODS

The cotton bollworms used in this study
wererearedonartificial diets. Thevariousbiol ogical
parameters were recorded from laboratory rearing
at 27+2°C, 70+10% relative humidity (RH) and
10:14 (light:dark) photoperiod.

Mature male pupae (9+1 days) from the
laboratory culture were irradiated at 50,100,150
and 200 Gy with doserateof 33.6 Gy/mininaf9Co
gammairradiator (GammaBeam 650). Thesimilar
group of pupae was held as a control. Treated and
untreated pupae were held in the same conditions
described above. Data on moth emergence, moth
deformation and longevity were recorded.

Production of parents

The sterility of parent moths was recorded
from the following crosses of each radiation dose:

a) UTF xUTM (control)

b) UTFxTM

Where UT, T, M and F stand for untreated,
treated, male and female, respectively. Each
treatment was replicated using oviposition cages
with five pairs of moth per cage per replication.

Production of F1 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:

a) UTFxUTM (control)

b) UTFxFM

c) FFxUTM

Where F;F stands for females and F;M
stands for males obtained from P, irradiated as
mature male pupae. The procedures adopted to
recordsterility, fecundity andlongevity weresimilar
to those for production of parents. The data were
analysed by theanalysisof variance(ANOVA) and
the means compared by Duncan’s new multiple
rangetest at p = 0.05.

RESULTS

Radiation effects on mature male pupae.

Moth emergence

Moth emergences following irradiation of
mature male pupae at 0, 50, 100, 150 and 200 Gy
were 99.17,97.50, 98.75, 97.92 and 99.06 % while
moth deformation were 1.56, 3.54, 2.91, 5.39 and
8.33 %, respectively (Table 1). Moth emergence
wasfound not to be significantly different with the
radiationdosewhereasmothdeformationfollowing
irradiation of mature pupae varied significantly
with theirradiation doses and positive correlation
wasal so noti ced to exi st between moth deformation
and radiation doses. The number of moth
deformation were not significantly different when
their pupaeirradiated at 50,100 and 150 Gy while
those were comparatively higher when the pupae
irradiated at 200 Gy (Table 1).

L ongevity

The longevity of P; moth from irradiated
mature male pupae varied significantly with the
irradiation doses. The longevity at 0, 50, 100, 150
and 200 Gy of P; moth were 13.35, 10.20, 9.45,
11.65 and 11.10 days respectively. The longevity
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of P, moths from irradiated pupae was less than
those of untreated moths (control) at every dose.
Thelongest longevity wasfoundin P; mothsfrom
irradiated pupae at 150 Gy (Table 1).

Production of parents

When treated P; males (TM) were crossed
with untreated virgin females (UTF), a Duncan’s
new multiplerangetest (DMRT) analysisreveaed
the significant difference between untreated and
treated groupsinthesterility. Femalesmating with
malesirradiated at 150 and 200 Gy laid eggs that
showed a significantly lower hatching than the
controls while the sterility of females mating with
malesirradiated at 50,100 Gy wasnot significantly
different from the control. The sterility of
unirradiated (control) moths and males irradiated
at 50,100 ,150 and 200 Gy were 27.04, 30.49,
33.12, 48.84 and 62.73 %, respectively (Table 1).
The sterility increased with increasing gamma
radiation doses.

Production of F; progeny

TheF, malescrossedwithuntreatedfemales
and the F; females crossed with untreated males
were studied. The incidence of sterility wasfound
to increase significantly in all crosses with
increasing radiation doses of 50, 100, 150 and 200
Gy. The sterility of F; males were 52.77, 92.01,
96.84 and 100 % while those of F; female were
52.75, 84.76, 98.91 and 100 % respectively. The
sterility of untreated males crossed with untreated
females(control) were 26.17 % (Table 2). Sterility
of F; maleswerefound to be more sterilethan their
parents

It was encountered that fecundity and
longevity of F, femalemothswerenot significantly
different while longevity of F; males was highly
variable. F; malesfrom50 Gy and 150 Gy irradiated
parentswere not significantly different whereasF
males from 100 Gy and 200 Gy irradiated parents
wereshorter-livedthantheF; malesfromuntreated
parents (Table 2).

The F; males descended from P; males
treated with doses of 150 and 200 Gy were caged
withnormal females. Theincidenceof sterility was
significantly higher than that of the control but the
survival of F; progeny from P; malestreated with
150 Gy was higher than P; males treated with 200
Gy (Table 3).

DISCUSSION

The effects of radiation on mature male
pupae of cotton bollworm, Helicoverpa armigera
when old pupae were treated with dose ranging
from 50to 200 Gy found moth emergencefor both
irradiated 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
deformationwaspositively correlatedwithradiation
dose. Theincidentsweresimilarly reported on pink
bollworms, Pectinophora gosspiella, (Saunders)
by Henneberry and Clayton (1988). Longevity of
P, moth decreased withincreasing radiation doses.
The results were also similar to those reported by
Qureshi et al. (1991) on pink bollworm when old
pupae were treated with dose ranging from 50 to
200 Gy but contrast to that of Henneberry and
Clayton (1988). The difference remained
unexplained, but might be related to the quality of
insect. The resultsindicated that pupal irradiation
may beaviableoptionif pupal harvestingtechniques
that are compatible with other mass rearing
procedures could be devel oped.

The sterility from matings of treated males
at dosesof 50t0 200 Gy with untreated femal eswas
considerably higher than that from the reciprocal
matings. The sterility dlightly increased with
increasing radiation doses. Similar results were
aso reported by Henneberry and Clayton (1988) ,
Qureshi et al. (1991) on pink bollworms,
Pectinophora gosspiella, Sutrisno et al. (1991) on
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Table1l Effectsof gamma radiation on moth emergence, moth deformation, longevity and sterility of
cotton bollworm, Helicoverpa armigera, following irradiation of mature male pupae.

Dose Moth emergence Moth deformation Longevity Sterility
(Gy) (%) (%) (day) (%)
0 99.17 a 156a 13.35c¢ 27.04a
50 97.50a 354 ab 10.20 &b 30.49a
100 98.75a 291 &b 9.45a 3312a
150 97.92a 539 ab 11.65 bc 48.84b
200 99.06 a 8.33b 11.10ab 62.73¢c

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

Table2 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 (day) Sterility (%)

(Gy) (eggs/female) Mae Femae Male Femae
0 1,356 a 29.00c 1760 a 26.17 a 26.17 a
50 1519a 26.13bc 18.00a 52.77b 52.75b

100 1,347 a 2490 &b 1755a 92.01cd 84.76 c

150 1,292 a 26.35bc 17.15a 96.84 d 98.91d

200 1,085a 2255a 17.19a 100.0d 100.0d

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

Table3 Larvae survival and male progeny of F; progeny of irradiated cotton bollworm, Helicoverpa
armigera, from male parentsirradiated as mature pupae.

Doseto P; male No. larvae implanted for rearing Larvae surviving to adult Male progeny

(Gy) (%) (%)
0 1,080 78.25a 52.58a
50 245 74.00a 50.38 a
100 332 73.75a 51.03a
150 232 70.75a 63.85 ab
200 378 51.50 b 77.22b

Means in columns followed by the same letter are not significantly different at 5% level.
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diamondback moth, Plutella xylostella. They
suggested that the sensitivity differential between
mal esandfemalesmight beanadvantageif asingle
dose of radiation would partialy sterilize males
and completely sterilize females.The sterility
probably occurred because of the lack of eupyrene
spermtransferred by irradiated mal esduring mating
(Henneberry and Clayton 1981).

Theeffectsof radiationandinherited sterility
on the reproduction of cotton bollworm,
Helicoverpa armigera were similar to those
described for other species of Lepidoptera. The
results of this study were concluded that lower
dosesof irradiation reduced survival of F; larval to
adult stages. The number of survival larvae
decreased asthedoseapplied to P; mal esincreased.
At dl doses, the number of F; larvae surviving to
emerge as adults was lower than the control. The
sex ratio of theemerging F, adultswasal so 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. The similar
resultswerereported by LaChanceet al. (1973) on
pink bollworm. They reported that the surrival to
adultstageof F4 larvaeat al| dosesweresignificantly
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. (1987)
similarly reportedonfall armywormwhenirradiated
P, adults with dose of 100 Gy.

Knipling (1970) and LaChanceet al. (1973)
reported that the F; progeny were either fully or
partially sterile depending on radiation doses
received by the male parent. The F; progeny was
more sterile than the treated P; male parent
regardlessof thedosetothemaleparent, and theF;
maleswereusually moresterilethantheF, females.
The studies showed thesimilar charactersof theF;
progeny, both male and female. The sterility of F;

progeny was significantly different from that of
untreated insects. Furthermore, the average egg
hatchof F; malestreated withdosesof 50t0 150 Gy
was higher than that in F; females. Similar results
wereal soreported by Omar and Mansor (1991) and
Sutrisno et al. (1991) on diamondback moth; F;
progeny were more sterile than the parents at all
doses when male pupae were treated at 50 to 250
Gy.

Fecundity of F; females were not
significantly different fromthat of untreatedinsects.
Theresultswasin contrast to the report of Qureshi
et al. (1991) who reported that fecundity of F;
females of pink bollworm obtained from male
parent irradiated as mature pupae with doses of 50
t0150 Gy werereduced ascompared with untreated
insects. Thisdifference probably occurred because
F, female moths were not equal in number of the
design.

Longevity of F, femalewasnot significantly
different while that of F; male was significantly
different from untreatedinsects. F; malesfrom 200
Gy irradiated parents lived significantly shorter
than F; males from untreated parents. The results
al so agreed with those reported by Henneberry and
Clayton (1988) , and Qureshi et al. (1991) on F;
progeny of pink bollworms, Pectinophora
gosspiella. All these changes on the reproduction
of F; progeny must be related to altered genetic
informationinherited fromthetreated male parent.

The studies support results obtained with
other Lepidopterous insects an irradiated sperm
that dose 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, i.e., reduced survival of larvag, the shift of
sex ratioinfavor of malesintheF,; generation, and
the lower reproductive ability of the F; males. All
these changes must related to the altered genetic
informationinherited fromthetreated male parent.
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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 and reproduction of their F;
progeny were also studied under laboratory
conditions but not yet reported. Therefore, before
thefinal judgment ismade, it isnecessary to study
theinherited effectson mating and reproduction of
F, progeny in the field that the partially sterile
cotton bollwormandtheir F; progeny canestablish
their populations.

CONCLUSION

Theresultsof thisstudy canbeconcluded as
the followings:

1. Moth emergence was not significantly
different but moth deformation was significantly
high with a dose above 200 Gy.

2. Longevity of malemothsfromirradiated
pupaewas|ower thantheuntreated moths(control)
at al doses.

3. When parent males were treated with
lower doses (50 to 200 Gy), F, progeny was either
fully or partialy sterile depending on the dose of
irradiationreceived by themaleparent. Thesterility
of F; progeny was higher than the treated male
parent regardlessof thedosetothemaleparent, and
F, males were more sterile than F; females.

4. F, progeny producedby irradiated parent
males, the sex ratio was skewed in favor of males
and increased with doses.

5. Thefecundity andlongevity of F, female
moths were not significantly different when
compared with the untreated moths (control) but
longevity of F; male moths was shorter than the
untreated moths (control) at the dose of 200 Gy.
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