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Abstract. Effective large scale rearing of the cotton bollworm, Helicoverpa armigera (Hubner), has
been developed in China. A "celled unit" system was developed to replace the traditional test tube for
cotton bollworm laboratory rearing. Larvae are reared at 26.5°C, «70% RH, and a long day
photoperiod of 14L:10D. Pupae are harvested at about day 20. Percent adult emergence is between
89-93%, and adult females lay an average of 768 eggs. Under this rearing system one generation is
completed in 40-42 days and percent pupation is about 66-71%. Mature Helicoverpa armigera female
and male pupae were treated with different doses of gamma radiation and out-crossed with untreated
mates. Mating ability of both sexes was not affected by radiation. Treated females were highly sterile
and laid significantly fewer eggs than untreated controls. Females treated with 300 Gy were
completely sterile, while females treated with 250 Gy and 200 Gy still had minimal residual fertility.

1. INTRODUCTION

The cotton bollworm, Helicoverpa armigera (Hubner), is considered to be one of the most
important lepidopteran pests attacking cotton (Gossypium hirsutum) in China. The
Department of Pest Control of the Institute for Application of Atomic Energy (CAAS)
conducts research with the objective of finding more effective ways of controlling or
suppressing populations of Helicoverpa armigera. In particular, our focus has been on using
the Sterile Insect Technique through the application of Fi Sterility for cotton bollworm
control. The preliminary results of this work, primarily the improvements we have made in
large scale rearing and the effect of irradiation on selected life history parameters of
Helicoverpa armigera, are reported here.

2. MATERIALS AND METHODS

2.1. Rearing of Helicoverpa armigera

The ingredients used in the artificial diet for Helicoverpa armigera are listed in Table 1. The
diet recipe was provided to us by Institute of Plant Protection, CAAS, and was modified by
our laboratory. Diet preparation is as follows: after the ingredients are weighed, the agar,
sucrose, sorbic acid and nipagin are added to 700ml water and the mixture is heated until
boiling while stirring constantly. In a separate container, the sterilized cornmeal, soybean
meal and brewers yeast are mixed with 600ml water, and then added to the agar solution. The
mixture is thoroughly mixed and allowed to cool to 75°C. The vitamins, formaldehyde and
cotton seed oil are added.

Two rearing methodologies for Helicoverpa armigera were compared in our laboratory. In the
glass test tube individual rearing system, the diet is prepared as above and dispensed into a
porcelain box (23 x 15 x 4 cm) and allowed to cool completely. When the diet has gelled it is
cut into 1.3-1.5 cm2 portions. One diet recipe yields about 180-200 diet squares. The glass
test tubes (2.5 cm diameter x 8.0 cm high) are sterilized and each tube receives one diet
square and sealed with a sterilized cotton plug.
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Table 1. Diet ingredients in the artificial diet for Helicoverpa armigera

Ingredients
Soybean Meal
Cornmeal
Brewer's Yeast
Sucrose
Agar(C.P.)
Sorbic Acid (C.P.)
Nipagin(C.P.)
Formaldehyde (37-40%)
Vitamin C (C.P.)
Vitamin B Complex 1

Cotton Seed Oil
Water

Quantity
100.00 g
200.00 g

90.00 g
40.00 g
13.00 g
2.00 g

12.00 g
2.00 ml

6.00 g
20 tablets

4.00 ml
1300.00 ml

1 Each tablet contains 3 mg Bx, 1.5 nag B2,10 mg Niacinamide, 1 mg Pantothenic Acid

The cell-unit rearing system is as follows: The prepared diet is dispensed into the bottom of a
3-layered cell unit (Fig. 1), which is made of 128 small individual cells (2 x 2 x 1.3 cm). A
Plexiglas plate is placed at the bottom of each cell-unit. The cell-unit has a cover made of fine
copper mesh, which provides ventilation while preventing the larvae from escaping the cells.
The middle layer of the unit provides free moving space for the larvae. One diet recipe is
enough to fill three cell-units. In each system, newly hatched larvae were transferred to the
diet for rearing.

Cotton bollworm adults are kept inside metal cages (20 x 20 x 30 cm), covered on the top
with blue cotton cloth. Adults mate and females lay eggs on the cotton cloth. Eggs are
removed from the cloth and incubated in sealed glass jars until they hatch. Newly hatched
larvae are transferred to the diet using a small sheep's hairbrush. The brush is sterilized with
0.16% Bestaquam-s solution. Two neonates are placed per tube or per cell. Larval rearing
takes about 19 days at 26.5°C, 70% RH, and a photoperiod of 14I/.10D. Larvae pupate inside
the diet. Pupae are harvested beginning at day 20. Pupal collection is faster in the cell-unit
system because diet does not need to be extracted from individual tubes. Pupae are kept at
26.5°C and 40-50% RH and ambient photoperiod, and 100 pupae are placed inside the metal
cages (covered with sawdust) prior to emergence. Emerging moths are collected and sexed
daily, then placed into other cages for mating and egg laying. Twenty-five to thirty pairs are
used per cage. The adult room is maintained at 26.5°C, 75-85% RH and a photoperiod of
14L:10D. A 10% sucrose solution is supplied for adult nutrition. Oviposition cloths and
sucrose solution are changed daily. Collected eggs are maintained at 4-6°C. At this
temperature eggs can be held for about 7-10 days. Eggs are incubated at 26.5°C for hatching.

Quality control parameters including percent pupation, pupal weight, percent adult emergence
and adult longevity were measured for both the test tube and the cell-unit rearing systems.
Percent pupation, which gives an indication of rearing efficiency, and can be affected by the
size of the rearing container. Pupae were sexed after harvest and 30 males and 30 females are
individually weighed and a mean weight is calculated for each sex. Pupal weight can be
affected by many factors. In our laboratory we have observed that pupal weight can be
significantly affected by the size of the rearing container, with smaller pupae being produced
in smaller containers.
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We also recorded the number of days that females laid eggs. We have discovered that when
cotton bollworm are reared in the laboratory for more than two years without the introduction
of new genetic material, the total egg laying period is reduced from the normal 7-8 days to 3 -
4 days and the average number of eggs laid per day, especially the first day after mating, is
significantly increased. Nonetheless, the total number of eggs laid in their lifetime is not
different between wild and laboratory adapted strains. During field-cage experiments
conducted by our laboratory in 1998-1999, we found that the mating ability of the colony that
showed shorter egg laying periods was significantly reduced. It appears that egg laying period
is an important indicator of cotton bollworm quality. Other parameters, such as total number
of eggs, percent hatch and sperm quality are routinely checked when a new colony is
established from field-collected material.

2.2. Radiation Biology Studies

The Helicoverpa armigera used in this study came from our laboratory colony. Founder
material used to initiate this colony was from Herman Province, China. The colony has been
in culture less than two years, and 9-10 generations are reared per year. A Cobalt60 source
with a dose rate of 3 Gy/min was used to irradiate the bollworm pupae. Female and male
pupae were sexed and irradiated 1-2 days before adult emergence with 200, 250 and 300 Gy
of gamma radiation. Emerging adults were individually paired inside glass jars and allowed to
mate and lay eggs. For each dose tested the following crosses were made: Normal (untreated)
females crossed with normal males, normal females crossed with irradiated males and
irradiated females crossed with normal males. Insects were held at 26±1°C, 85±10% R.H.,
and a photoperiod of 14L:10D (06:00-20:00). A 10% sucrose solution was supplied for adult
nutrition and changed daily. Insects were allowed to mate and lay eggs until female death.
Test jars were covered with a blue cotton cloth that served as an ovipositional substrate.
Cloths were changed daily. Adult longevity, mating ratio (= percent mated adults), mating
frequency per pair (= number of matings by each pair in their lifetime), total number of eggs,
and number of hatched eggs were recorded for each treatment. The data were analyzed using
the SPSS (Statistics Package for Social Science) software package.

3. RESULTS AND DISCUSSION

3.1. Rearing of Helicoverpa armigera

Results comparing the two rearing systems for Helicoverpa armigera are shown in Table 2.
Percent pupation in the cell-unit system was significantly lower than in the glass test tube
rearing system. All other parameters measured were almost identical between the two
systems. The cell-unit system is not as tightly sealed as the test tubes and, as such, more
larvae escaped from the cell-units prior to pupation. Larval escape was the main reason for the
lower percent pupation, however, more pupae were collected from the cell-unit system per
unit time. Insect quality in the two different rearing systems was almost the same.

In the glass test tube rearing system, one diet recipe is sufficient to prepare about 200 test
tubes, which will yield no more than 180 pupae. In contrast, in the cell-unit system, one diet
recipe can fill three units, giving a total of 384 cells, which will yield 260-270 pupae. As
such, the cell-unit system produces almost twice the number of pupae per diet recipe.
Furthermore, the glass test tube system is more difficult to handle and the glass tubes occupy
more space than the cell-units. During larval rearing the test tubes are handled individually
such as for apportioning the diet, transferring the larvae, sealing the tube, etc.
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Table 2. Comparison of two different rearing systems for Helicoverpa armigera

Parameter

Percent pupation
Mean pupal F
weight (mg) M
Percent adult emergence
Adult longevity F
(days) M
Egg laying period (days)

Glass test tube
No. examined Results

3482
180
180
1800
180
180
51

85-90
317.2 ±56.9
324.4 ± 72.9

88-94
16.9 ±4.1
14.1 ±3.0

5-7

Cell-unit
No. examined Results

6912
180
180
1800
225
180
57

66-71
321.4 ±61.6
329.4 ±87.1

89-93
17.1 ±3.9
13.7 ±3.1

5-7

F/G. i. Cell-unit used for large scale rearing of Helicoverpa armigera.

This is not the case with cell-units. Furthermore, newly hatched larvae can be sprinkled on top
of the diet filled units which increases the speed with which diet can be seeded and decreases
the adverse effects of handling the larvae. The cell-unit system saves on labour, time and
money. Most laboratory colonies of Helicoverpa armigera in China are maintained using the
glass test tube rearing system that is not well suited for large scale rearing. We encourage our
colleagues to switch to the cell-unit system. Our current level of production is 40,000 pupae
per week using the cell-unit system.

3.2. Radiation Biology Studies

Results of the effects of three doses of gamma radiation on some life history parameters of
Helicoverpa armigera are shown in Tables 3 and 4. When normal (untreated) females were
mated with irradiated males treated with different doses of gamma radiation, no significant
difference in female fecundity was observed when results were compared to the controls.

However, percent egg hatch was significantly affected (Table 4). When irradiated females
mated with normal (untreated) males, fecundity and fertility were significantly affected. Liu
Xiaohui [1] showed that when cotton bollworms are treated with doses as high as 400 Gy,
irradiation does not affect their mating ability under laboratory environments. However,
400 Gy significantly affects percent egg hatch as well as sperm transfer, sperm quantity and
sperm activity. On the other hand, a dose of 250 Gy does not affect sperm transfer and sperm
activity in cotton bollworms.
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Table 3. Irradiation effects on mating and adult longevity of Helicoverpa armigera

Dose (Gy)

NFxNM
NFxTM

NMxTF

200
250
300
200
250
300

No.
observed

225
109
123
128
66
70
68

Mating
ratio

88
93
83
87
87
85
85

Mating
degree

(mean ± SD)

1.96 ± 1.07a
2.43 ±1.31 a
2.22 ±1.21 a
2.19 ±1.14 a
2.1 ±1.11 a
2.5 ± 1.32 a
1.7 ±0.98 a

Adult Longevity in days
(mean ± SD)

Females

17.1±3.9a
-
-
-

16.9±3.4a
19.7±4.5 a
16.4±4.3 a

Males

13.7±3.1 a
15.8±3.7 a
16.6±4.2 a
13.9±3.8 a

-
-
-

Means followed by different letters in the same column are significantly different (Duncan's multiple range tests;
with significance level 0.05)

Table 4. Irradiation effects on fecundity and fertility of Helicoverpa armigera

Dose (Gy)

0
NFxTM

NMxTF

200
250
300
200
250
300

No. observed

52
41
51
36
28
32
28

Eggs per Female
(mean ± SD)
768 ± 528 a
754 ±445 a
641± 384 a
678 ± 397 a
535 ± 375 b
475 ± 384 b
362 ± 314 b

Percent egg hatch
(mean ± SD)

71.06 ±19.38 a
37.14 ± 19.46 b
33.03 ± 19.08 c
25.00 ± 15.02 d

1.06 ± 2.98 e
0.36 ± 1.64 e

0e

Means followed by different letters in the same column are significantly different (Duncan's multiple range tests;
with significance level 0.05)

These results suggest that 200 Gy and 250 Gy might be suitable doses to employ in a sterility
program against cotton bollworm. Our results indicate that irradiation does not affect the
mating ability of treated cotton bollworms when measured in the laboratory environment.
However, much research remains to be done including studies on mating ability, mating
competitiveness, and flight ability of treated bollworms in the field. It is clear from our results
that the higher the dose of radiation, the lower the quality and the competitiveness of
irradiated moths. Our laboratory intends to assess whether we can rear a male-only colony and
we will also study the effects of Fi sterility for Helicoverpa armigera in the field.
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