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ABSTRACT

t
The cotton bollworms, Helicoverpa armigera (Hubner) were

reared on an artificial medium consisting of mungbeans, brewer's
yeast, vitamins, water, preservatives and antibiotic (Tetracycline
hydrochloride) at 26 + 1°C, 70~75 % RH, and 8-hr light duration,
The development of this species were not significantly different
(p = 0,05) in percent egg hatch, pupal recovery, adult eclosion,
and pupal weight in each of 4 successive generations, The

average duration of the egg, larval (5 instars), pupal and male
and female adult stages vere 2,2, 3, 2.1, 1.8, 2.8, 6,9, 11,4,

9,3 and 8,2 days respectively., The cotton bollworm female
produced an average of 969,35 + 74.4 eggs. The mating frequency

of male and female adults were 3 and 1,8 times,

gffects of gamma irradiétion, obtained from Cesium-137
source, on eggs, larvae, pupae and adults of the cotton bollworm
were also studied, The LD50 for 2-day-old eggs at 2 days after
irradiation, +10-day~-old larvae at 10rand 15 days after irradiation,
9 +1 -day-old male and femaie pupae at 5 days after irradiation
and l-day-old male and female adults at 3 days after irradiation
were 218,3, 555.1 and 451,6, 683,4 and 860,1, 1,370.9 and 1,422.1
gray respectively, Radiation doses at 40, 50, <50 and 300 gray
sterilized 96,84 percent male and 75,29 percent female adults
emerged from 2-day-old eggs, 100 percent male and 71,82 percent
female adults emerged from 13-day~old larvae, 98,11 percent
male and 99,70 percent female adulte emerged from 9 + l~-day=-old

pupae, and 99,52 percent male and 99,98 percent female for



l-day-old adults respectively, In addition, sterilized females
emerged from larvae, pupae, and adults oviposited less than normal

females.

All sterilizing doses, for various stages of the cotton
bollworm, diAd not reduce the longevity both sexes of the insect,
However, sterilized males emerged from eggs, larvae, pupae appeared
to mate less frequently than normal males did, In contrast, males
sterilized as adults mated as frequently as normal males, The
sperms of sterilized males emerged from various stages were proba-
bly less motile and possibly less numerous than sperms from
normal males, The results of this experiment can be concluded that,
it is more effective to control this insect by sterilization in

both pupal and adult stages with 150 and 200 gray respectively,
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FIG 211 The plastic cups with 6x6 cm. and vials with

2.5x10 cm. containing an artificial medium for

rearing cotton bollworm{Helicoverpa armigera

(Hibner)]



FIG.21.2 The oviposition cage of cotton bollworml(Helicaverga
armigera (Hubner)] was made of lantern globe,

12x12.5 cm. in size, covered with nyion cloth,and

placed on a basin containing water.



FI16.2.31 Gammator with Cesium-137 source.
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TABLE 3.1.1 Development of the cotton bollworm [Helicoverpa
arminera (Hubner)] for & successive generations
reared on an artificial medium at 26+ 1°C,
70-75 % RH, and 8-hr photoperiod.

Generation Mean + SE

Bgg hatchability Pupal recovery Adult eclosion Pupal weight

%) (%) (%) (mg.)
1l 77060 16007a 40039 15.9?8 8500 ijvlsa 313.‘}0: 6'768
2 77.40 +3.87, 43.141 2,67 86,0312.45 309,50+ 6,09,
3 66¢l|‘0 16.233 35031 i2057a 8200 12-55a 312030 12.71a
4 66,60+ 2,80,  38,6513,77, 84.0312,92,  314.1G6.29,

Means in columns followed by the

same letter are not

significantly different at the 5 % level,

TABLE 3,2.1.1

Duration of various developmental stages of the cotton

bollworm [Helicoverpa armigera (Hﬂbner)], reared on an

artificial medium, at 26+ 1°C, 70-75 % RH,

and 8-hr photoperiéd.

Developmental stages ?g;g:) M?igyé)SE
Egg 2-3 2,16 + 0,04
Larva : Instar 1 3=3 3

Instar 2 2=3 2,05 + 0,05
Itstar '3’ 1-3 1.80 + €,16
Instar 4 1-5 2,80 ¢ 0,22
Instar 5 6~8 6,90 + 0,18
Papa 10-13 11.41 + 0,09
Adult : male 5-13 9.29 + 0,68
female 512 8,2 + 0,54
Egg-Adult - 34,95 1 0,93



TABLE 3.3.1.1

2-day-old cotton bollworm [Helicoverpa armigera

(Hubner)]

Z 5 <

EgESe

Effect of gamma irradiation on the mortality of

Dose (gray)

% mortality

25
50
100
200
300
Loo

500

4,63
12,8
22.49
36,29
83.99
98.93

100.0

- TABLE 3.3.1.2

10-day~-0ld cotton bollworm [Helicoverga armigera

(Habner)] larvae,

Effect of gamma irradiation on the mortality of

Dose (gray)

% mortality

10 days after irradiation

15 days after irradiation

100
200
4oo
600

800

3,08
bo11
12,33
55.27
87.40

%74
10,79
29,74
80,0
97,63
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TABLE 3.3.1.3 Effect of gamma irradiation on the mortality of
9 + 1~day-old cotton bollworm [(Helicoverpa armigera

(Hubner)] pupae.

Dose (gray) % mortality

Male Female
0 0 0

100 7.22 1.05
200 9,28 3.16
400 29,89 9.47
600 39.18 29.47
800 57.73 49,47
1,000 74.23 63,16

TABLE 3.3.,1.4 Effect of gamma irradiation on the mortality of

l-day-old cotton bollworm [Helicoverpa armigera

(Hsbner)] adults,

Dose (gray) % mortality
Male Female
0 0 0
1,000 2,44 )
1,250 14,63 11,63
1,500 85,37 62,79

1,750 100,0 90.69




TABIB 3.3.2.1 Mating frequency between normal and irradiated
adults of cotton bollworm [Helicoverpa armigera
(Hubner)] emerged from irradiated 2-day.old eggs,

fecundity, and egg wiability.

Dose(gray) % mating N Avg no.eggs/ % %decrease in egg viability
Irradiated Irradiated Irradiated Irradiated Irradiated Irradiated
male female male female male female
0 85 8o 956,10 9#3.453 o 0
5 8o 90 998,75 1,131.95, 33.03 o]
10 70 70 1,263,90 996.‘65a 35.85 23.33
20 55 70 976,10 9‘06.30a 66,25 39,36
30 4o 85 733455 923,30 78.79 34,63
ko 20 65 653,80 930.45a 96.84 76.29

Means followed by the same letter are not significantly

different at the 5 % level,

TABLE 3,3.2.2 Mating frequency between normal and irradiated adults
of cotton bollworm [Helicoverpa armigera (Hubner) ]
emerged from irradiated 13-day-ola larvae,

fecundity and egg viability,

Dose(gray) % mating Avg no.egg/ 9 %decrease inegg viatdlity
Irradiated Irradiated Irradiated Irradiated Irradiated Irradiated
male female male female male female
0 80 65 1,104,55 1,035.85a 0 0
25 60 45 1,081,0 830,40, 60,99 70.82
50 20 4o 972,6 489,50,  100,0 71,82
75 15 30 653485 253,25,  100,0 92,54

Means followed by the same letter are not significantly different
at the 5 % level as determined by Duncan's New Multiple Range Test,



TAELE 3.3.2.3 Mating frequency between normal and irradiated adults of
cotton bollworm [Helicoverpa armigera (Hubner)] emerged
from irradiated 9 +1-day-olc¢ pupae, fecunidity, and
egg viability.

Dose(gray) % mating Avg no,eggs/ ? %decrease inegg viahkility
Irradiated Irradiated Irradiated Irradiated Irradiated Irradiated
male female male female male female
0 75 95 892.10 917.35, 0 0

50 70 70 1,006,75 788,75, 32,97 42,01
100 65 60 817.75 55k. 40, 36,80 91,28
150 65 65 820,60 411,55,  69.16 89,98
200 55 60 748,30 383.0, 85.68 98,48
250 25 65 729,25 26#.5c 98.11 99.70

Means followed by the same letter are not significantly different at the
5 % level as determined by Duncan's New Multiple Range Test,

TABLE 3.3.2,4 Mating frequency between normal and irradiated l-day-old
adults of cotton bollworm [Helicoverga armigera
(Hubner)], fecundity, egg viability,

Dose (gray) % mating | Avg no. eggs/ 9 ’%decr ease inegg viability
Irradiated Irradiated Irradiated Irradiated Irradiated Irradiated
male female male female male female
0 70 65 969,25 877.85, 0 0
100 70 85 959.25  897.60.  bh.26 63,26
150 65 65 763430 655495, 47.99 90,32
200 75 70 890, 85 621.0b 80,27 92,53
250 55 75 860,15 kos, 8°b 98,94 99,11
300 50 60 799.90 451425, 99.52 99,98

Means followed by the same letter are not significantly different at the
S % level as dgtermined by Duncan's New Multiple Range Test.



TABLE 3.3.3.1.1
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Effects of gamma irradiation on longevity, mating
frequency, and sperm transfer of cotton bollworm

[Helicoverpa armigera (Hubner)? adults emerged

from irradiated 2-day-old eggs.

Dose(gray) fvg longevity(days) Avg mating frequency gzgfzzgiztsgzrzzzizca
Male Female Spermatophores/ 9
o 7.55, G.SBa 1.35, 8.60a
5 6.35, 7.30, 1,45 7.75,
10 7.20_ 5.60_ 145 775,
20 7.15, 6.SBa 1.10_, 5¢15,
30 7.25, 6.60_ 0,45, 2.80_
ho 7.10_ 5-45a 0.35, 06754

Means in columns followed by the same letter are not significantly
different at the 5 % level as determined by Duncan's New Multiple

Range Test,

TABLE 3.3.3.1.2

Effects of gamma irradiation on longevity, mating
frequency, and sperm transfer of cotton bollworm

(Helicoverpa armigera (Hsbner)] adults emerged from

irradiated 13-day~old larvae,

Dose (gray) Avg.longevity(days) Avg.mating frequency Avg.amount of sperm
- in female spermatheca
male female Spermatophores/ 9
0 7065 7430, 1,20, 7485,
25 7.55, 6.80, 1.0, 6,45,
50 6.80a 5.10a O.lbb Ob
75 5,05,  5.25, 0,15, 0,

Means 4in columns followed by the same letter are not significantly
different at the 5 % level as determined by Duncan's New Multiple
Range Test,



TABLE 3.3.3.1.3 Effects of gamma irradiation on longevity, mating

frequency, and sperm transfer of cotton bollworm

[(Helicoverpa armigera (Hubner)] adults emerged
from irradiated 9 + l-day-old pupae,

Dose(gray) Avg.longevity(days) Avg. mating frequency Avg.amount of sperm

in female spermatheca

Male Female Spermatophores/ 9
0 5.60_ 6,05, 1.45, 8,25,
50 5.45 6.50_ 1.50_ 725 ¢
100 5.80_ 6,30, 1.30, 5630,
150 5015, 6,05, 1.10,, , 4090,
200 6030, 6.20_ 0.75,4 4o 60
250 570, 6.55, 0.40, 2,10,

Means in columns followed by the same letter are not significantly
different at the 5 % level as determined by Duncan's New Multiple

Range Test,

TABI‘E 3.3.3.1.h

Effects of gamma irradiation on longevity, mating
frequency, and sperm transfer of irradiated l-day-old
adults cotton bollworm [Helicoverpa armigera (BUvner).

Dose(gray) Avg.longevity(days) Avg.mating frequency izgfz::gzts;:rzztzﬁca
Male Female Spermatophores/ 9
0 6.45a 5.0a 1.10a 9-0a

100 6.0, 635, 1.60, 7e45,4

150 6.60a 6.95a 1.‘00a 5015,

200 6.11a 6.30a 1.45, 50256

250 60°a 6.75a 0,95, 430,

30 65, 659, 085, 4.0,

Means in columns followed by the same letter are not significantly
different at the 5 % level as determined by Duncan's New Multiple

Range Test,
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FI1G.3.3.1.1 The relationship between dose and percent mortality

of 2-day-old cotfon boliworm [Helicoverpa armigera
(Hubner)leggs of 2611°C.
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FIG.3.3.1.2 The reiotionship between dose and percent mortolity of
10-day-old cotton bollworm [ Helicoverpo armigero(Hiibner ))
lorvae ot 10 ond 15 days ofter irradiation,
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90 -
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F1G.3.3.1.3 The relationship between dose ond percent mortality
of 9% 1-day~old cotton bollworm [ Helicoverpa armigera

( Hubner )) male and female pupae.
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FIG.33214 Maiformed aduilts of the cotton bollworm

[Helicoverpa armigera(Hubner)lemerged from

irradiated pupae with 1,000 gray.
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Y= -155.64 +015X
Losod = 1,370.93 Gray

Y=z -137.47 +0.13X
LDgo @ = 1,442.08 Gray

% mor tality

40—
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20

10

F16.3.3.1.5

Dose (gray )

The relationship between dose and percent
mortality of 1-day-old cotton boliworm
(Helicoverpa armigena(Hubner)] male and
female adults.
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FIG.3.3.32.1 Bursa copulatrix of the cotton bollworm

[Helicoverpa armigera { Hiibner)l.(12.5X)

A = cervix bursae 4= corpus bursae
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FIG.3.33.31 Sperms of the cotton bollworm [ Helicoverpa

armigera ( Hibner)l.( 10X).
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FIG.3.3.33.2 Spermatheca of the cotton bollworm [ Helicoverpa
armigera( Hubner)].( 20X)
fi= spermathecal gland B = utriculus

€ = lagena
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Appendix

TABLE 1 Appendix Effects of gamma irradiation on the larval and

pupal mortality, and adult eclosion and mal-

formation of 10-day-o0ld cotton bollworm

(Helicoverpa armigera (Hubner)]

Dose (gray) % mortality % adult % adult
Larvae Pupae Total eclosion malformation
0 5:25 13.5 18.75 81.25 4,0
100 2920 59,0 88,0 12.0 62,5
200 7120 24,0 100,0
400 10030
600 100:0
800 100.0

TABLE 2 Appendix Zffects of gamma irradiation on adult eclosion

and malformation of 9 + l-day-old cotton bollworm

[Helicoverpa armigera (Hubner) ] pupac,
4*

, Male Female
Doselgray)  Foamit % adult Z aduit % adult
: éalosion malformation eclosion malformation

o 97 19.59a 95 30.50a

100 90 23433, 94 28:z§a

200 88 26.1#a 92 29.35,

400 68 h1.18b 86 55.35b

600 59 57.63c 67 56.72b

800 L1 95.12d 48 85.1-1»2c
1,000 25 96.0,4 35 943,

Means in columns followed by the same letter are not significantly
different at the 5 % level as determined by Duncan's New Multiple
Range Test,




TABLE 3 Appendix

Effects of gamma irradiation on egg hatch,
larval and pupal mortality, adult eclosion and
malformation of 2-day-old cotton bollworm

[Belicoverpa armigersa (Hgbncr)] eggs.

% egg % mortality ’ % adult % adult
Dose (gray) hatch Larvae Aﬁupae ~ Total eclosion malformation
o 72,25 16,35 18,24 34459, 65,41 1.83
5 74.0, 20.86 19,05 39.91_ 60,09 2.16
10 7175, 33.08 he62 37,70, 62,30 3.53,
20 76.50a 24,93 21,44 #6.37ab 53.63 5¢54
30 65.ZBa 88.03 18.99 47.02ab 52,98 6.58a
40 83.75, 32.67 28,95 61.60, 38,40 20.59,

Means in columns fo

llowed by the same letter are not significantly

different at the 5 % level as determined by Duncan's New Multiple

Range Test.

TABLE &4 Appendix

Effects of gamma irradiation on larval and pupal
mortality, adult eclosion and malformation of
13~day-0ld cotton bollworm [Helicoverga armigera

(Habner)] larvae,

% mortality

% adult % adult
Dose (gray) vy
Larvae Pupae Total eclosion malformation
0 13,5 11.25  2h.75, 7525 8,31
25 20,0 18.25 38.25b 61,75 11.310a
50 29,5 23475 53-25c 46,75 11-76a
75 27475 5060 77-75d 22,25 25.8hb

Means in columns fo

llowed by the same letter are not significantly

different at the 5 % level as determined by Duncan's New Multiple

Range Test,

i




TABLE 5 Appendix Effects of gamma irradiation on adult eclosion

ané¢ malformation of 9 + l-day-old cotton

11} .
bollworm [Helicoverpa armigera (Hubner)] pugae,

Male Female
Dose(gray)  gemrre——vsmrre T3IeTE o330l
eclosion malformation eclosion malformation
0 100a 1.0a 99 1.0
50 7.0 1,04 98 2,04
100 93bc 4.32a 9e 3427
150 91bc 6.39a 93 6.57
200 89_, 5.59, 92 2,13
250 834 8.49, 98 4,08

Means in columns followed by the same letter are not sigrnificantly
different at the 5 % level as dgtermined by Duncan's New Multiple
Range Test,

TABLE 6 Appendix Effect of gamma irradiation on Spernlﬁotility

of cotton bollworm [Helicoverga armigera
"
(Hubner)] adults emerged from irradiated

2-day=-old eggs.

Dose (gray)

Avg nmotility of sperm
in female spermatheca

0
5
10
20
30
Lo

790
6455
6.20
5475,
2.10b
0,55,

I

| Means followed by the same letter are not significantly differ-

ent at the 5 % level as determined by Duncan's New “ultiple

Range

Tost,
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TABLE 7 Appendix Effect of gamma irradiation on sperm motility

of cotton bellworm{ Helicoverpa armigera

(Habncr)] adults emerged from irradiated

9 + l-day-old pupac.

Avg motility of sperm

Dose (iray) in femole spermatheca

c 8.15,
50 7-05a
100 4,10,
150 3.60,
200 0.45,
250 035,

Mcans followed by the same letter are not significantly
different at the 5 % level as determined by Duncan's
New Multiple Range Test,

TABLE 8 Apvendix Effcct of gamma irradiation on sperm motility

of irradiated l-day-old adults cotton

bollworm [ Helicoverpa armigera (Hﬂbnern

Dose (gray) Avg motility of sperm
in female spermatheca

0 8.50a
100 l+.6ob
150 2495,
200 1.95 4
250 0e354,
300 0,10,

Mcans followed by the samo letter are not significantly
differont at the 5 % lovel as determined by Duncan's
New Multiple Rango Test,




