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The use of Fi sterility and parasitoids for population suppression of
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Abstract. We report on the population suppression of diamondback moth (DBM) Plutella xylostella
(L.) (Lepidoptera: Plutellidae) and cabbage webworm (CWW) Crocidolomia binotalis Z.
(Lepidoptera: Pyralidae) using releases of irradiated (200 Gy) substerile moths. The impact of
substerile DBM was studied in field-cages and moths were released at a 9:1 treated : untreated ratio.
Our results show that releasing Fi substerile male and female DBM resulted in a high level of sterility
(73.03% and 73.30% in the F! and F2 generations, respectively) in the untreated population, while the
release of only Fx males induced a lower level of sterility (55.40% and 56.44% in the Fi and F2

generations, respectively). When substerile moths were released once per generation, the level of
sterility was 44.78% in the Fi and 68.01% in the F2 generations. The effect of releasing substerile
males only, females only, and substerile male and female CWW on the untreated population were
studied in the laboratory. Percent egg hatch was 22.17% for male only releases. For female and mixed
sex releases these percentages were 28.50% and 24.75%, respectively. For DBM, some studies
combined releases of substerile DBM with releases of the parasitoid Diadegma semiclansum (H)
(Hymenoptera: Ichneumonidae) in field-plots. Pupal viability in the Fi generation in the area that
received both parasitoids and substerile DBM was 32.5%. The effect on pupal viability when only a
single tactic was used was lower than when both tactics were combined. The release of substerile
males only gave a pupal viability of 57.5% and releases of the parasitoid D. semiclausum resulted in
81% pupal viability. When substerile DBM were released into a small isolated forested area in
Malang, East Java, the average number of moths caught per week at the release area from June to
October 1996 was about 89.42% of that found in the untreated control area. When population
fluctuations of wild DBM were followed for 12 months, the lowest population level was found to
occur in April, and the highest population was recorded in August. The highest level of parasitization
by D. semiclausum in the laboratory was on second instar DBM larvae.

1. INTRODUCTION

The diamondback moth (DBM, Plutella xylostelld) and the cabbage webworm (CWW,
Crocidolomia binotalis) are the most important pests of cabbage or other cruciferous plants in
Indonesia [1]. DBM larvae primarily attack young cabbage plants, while CWW larvae attack
all development stages of the plants. The use of insecticides to control these insects is
inadequate. It was reported that a strain of DBM hi West Java was resistant to pyrethroid
insecticides [2]. The parasitoid Diadegma semiclausum has been used in Indonesia as an
alternative means to control DBM. The use of this parasitoid is intended as one of the
components in integrated pest management of cabbage in Indonesia. The level of
parasitization in several cabbage production areas in West Java (Lembang and Pangalengan)
varies between 6% and 76% [3].

The approach for control of DBM and CWW using the sterile insect technique (SIT) is being
explored in several countries in the Asia Pacific Region because both pests are very
important, and present control measures are inadequate [4, 5]. As stated by Knipling [6], the
use of insects to control populations of their own kind through the transfer of damaged
genetic material at mating represents an approach that could prove to be useful for the control
of a number of major insect pests throughout the world. In DBM, a dose of 300 Gy induces
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about 90% sterility, while a dose of 200 Gy induces about 73.2% sterility in irradiated DBM
males and 56.81% sterility in their Fi progeny [7].

The strategy of integrated pest management (IPM) in cabbage in Indonesia does not intend to
eradicate the target pest species, but seeks to maintain the pest populations below the
economic injury level. The Indonesian Department of Agriculture has determined that this
level is five larvae per ten cabbage plants for DBM (P. xylostella), and three eggs clusters per
ten cabbage plants for CWW (C. binotalis) [8]. If the level of parasitization of field collected
DBM is less than 75%, it becomes necessary to control this pest with insecticides.

Our experiments examined the effect of combining SIT and the release of D. semiclausum on
populations of DBM in small field plots. We also report on experiments that examined the
potential of SIT to control DBM in field-cages and in a small isolated. Finally, progress on
experiments examining the effect of releasing irradiated males, irradiated females or
irradiated unsexed CWW on CWW populations under laboratory conditions are also reported.

MATERIALS AND METHODS

Unsexed, 3 to 4 day-old DBM pupae were irradiated with 200 Gy in a Co60 Gammacell
irradiator in Jakarta. This substerilizing dose (200 Gy) resulted in 73.2% sterility in the P
generation males and 56.8% sterility in Fi males. Field-cage experiments to examine the
effect of releasing irradiated, partially sterile P and Fi DBM were conducted at a cabbage
production area in Cipanas, West Java during 1997.

Five field-cages (2.5 x 1.5 x 1 m) were placed over rows of insecticide free cabbage plants.
Fifty pairs of untreated DBM moths were introduced into the first cage that served as a
control. Fifty pairs of untreated DBM moths plus 450 irradiated (200 Gy) male moths (a 1:9,
untreated to treated ratio) were introduced into the second cage. The third cage received 50
pairs of untreated DBM plus 450 Fi DBM males (the offspring of irradiated males mated to
normal females). The fourth cage was similar to the third, but the number of Fi progeny
included both male and female (450 pairs) moths. The fifth cage was similar to the second
cage, but, at the time that the next generation of DBM were expected, a second release of
irradiated DBM males was made into the cage. The parameters measured in each cage
included: percent egg hatch, number of pupae, and number of DBM moths emerging in the
first and second generations.

Egg hatch was assessed by removing a sample of 250 eggs from each field-cage. Using a fine-
tipped brush, the DBM eggs were transferred from the cabbage leaves to the sticky surface of
masking tape, and were observed for hatch after 7 days using a dissecting microscope. The
number of pupae developing in each cage was determined by collecting and counting the
pupae from the cabbage plants. Pupae were placed in small cages inside the field-cages to
observe adult emergence. Adults were released back into the field-cages.

Data for CWW were collected in the laboratory. For this experiment, six-day old CWW pupae
were treated with 250 Gy. This dose caused 63.95 % sterility in male CWW [4]. The effects
of releasing treated male and treated mixed sex populations of CWW were assessed in
laboratory cages. The first cage received 60 pairs (males and females) of treated and 20 pairs
of untreated CWW (3:1 treated: untreated ratio). The second and third cages received 60
treated males (cage 2) or 60 treated female (cage 3) CWW and 20 pairs of untreated CWW
(both cages). Cages 4 through 7 were used to ascertain the sterility level between the treated
and untreated moths when released at different ratios (Table 2).
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Table 1. The effect of releasing 200 Gy treated Plutella xylostella and their Fi progeny on the
untreated population inside field-cages

Treatment

50 UM+ 50 UF
Control

50 UM+ 50 UF +
450 IM

50 UM+ 50 UF +
450 FiM

50 UM+ 50 UF +
450 FjM+F

50 UM+ 50 UF +
450 IM + 450 IF

LSD 5%
LSD 1%

CV

% Sterility l

P
5.20

44.95

55.4

73.03

44.78

7.49
10.73
9.22

F j

3.47

44.36

56.44

73.30

68.01

10.79
15.36
12.08

No.
(%<
Fi

829
(100)
All

(57.5)
350

(42.2)
128

(15.4)
471

(56.9)
66.85
95.10
8.14

of Pupael

jf control)
F2

1706
(100)
963

(56.4)
697

(40.8)
261

(15.2)
549

(32.1)
103.82
147.67
6.83

No.
(%

Fi
772

(100)
282

(36.5)
163

(21.1)
31(4)

261
(33.8)
54.53
77.56
9.89

of Moths l

of control)
F2

1566(100)

520 (33.2)

309 (19.7)

62 (3.9)

181(11.5)

78.19
111.21
8.15

U = Untreated
I = DBM 3 to 4 day-old pupae treated with 200 Gy
Fi = Progeny from a cross between I male x U female
I = average of 3 replications

Table 2. Effect of releasing irradiated male or female and unsexed adults of Crocidolomia
binotalis (CWW) on egg hatchability under laboratory conditions

Treatment
I M : I F : U M : U F

3 : 3 : 1
3 : 0 : 1
0 : 3 : 1
0 : 0 : 4
0 : 0 : 1
1 : 0 : 0
0 : 1 : 1

1
1
1

4
1
0

LSD 5%
LSD 1%
CV (%)

No. of eggs

503
523
507
524
645
476
510

-

No. of hatched
eggs
124
116
145
501
600
0
0

-

Percent egg
hatch
24.75
22.17
28.50
92.43
93.02

0
0

0.22
0.32
2.36

U = Untreated CWW I = Irradiated CWW 3 to 4 day-old pupae with a dose of 250 Gy

Experiments to assess the impact of combining irradiated DBM with releases of the parasitoid
D. semiclausum were conducted in the field. The study site was an isolated area (1,000 m )
located in a forested area in Cangar, Malang, East Java. The area is about 2 km away from
cabbage production fields. We assumed that this distance would prevent reinfestation to occur
from outside the study area. Approximately 3,000 male DBM pupae treated with 200 Gy were
used in these experiments.

Baseline data on population dynamics of DBM were obtained during 1991 and 1992 by
trapping the moths with pheromone traps and by direct counting of pupae at random (5
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plants/day) in the cabbage production areas at Ciloto, Cileutik and Citere, in West Java
Province. Pheromone (Delta type) traps baited with pheromone (SJ, Takeda Chemical
Industries, Japan) were used in this study.

Observations were made on parasitism rates by D. semiclausum on DBM in order to find an
efficient and effective rearing methodology for this parasitoid in the laboratory. The level of
parasitism in mixed-age larvae was assessed by introducing 10 pairs of D. semiclausum into a
cage containing 1,000 DBM larvae of each instar.

2. RESULTS AND DISCUSSION

The impact of releasing 200 Gy treated DBM at a ratio of 9:1 treated : untreated inside field-
cages resulted in 44.95% and 44.3% sterility in the P and Fi generations (Table 1). The
release of substerile Fi males, derived from crosses between treated males (I) and untreated
females (U), resulted sterility levels for the P and Fi generations to be 55.4% and 56.44%,
respectively. When releases were repeated once per generation, the sterility in the Fi
generation was 44.78% and it increased to 68.01% in the F2 generation. The sterility observed
in this experiment was highest (73.03% and 73.3% for the Fi and F2 generations, respectively)
when unsexed Fi progeny were released into the field-cages. However, the release of Fi
progeny has some disadvantages because it requires additional rearing costs before field
releases are made. Therefore, continuous releases of treated P generation DBM males should
be considered for a program against DBM in Indonesia because the level of sterility in the F2
generation was high (68.01%) and might reduce the wild population over time.

For CWW, the effect of releasing treated males, treated females and treated males and
females on the egg hatchability of untreated CWW is shown in Table 2. Percent fertility was
significantly lower as compared to the control (LSD 1% = 0.32) when irradiated males
(24.75%), females (22.17%), and both sexes were released together (28.50%) into the
laboratory cages. Percent egg hatch was lowest when only treated males were released. We
therefore suggest that this method should be considered in the implementation of SIT for
CWW in the field.

Table 3. The effect of combining substerile Plutella xylostella and D. semiclausum to control
P. xylostella in small field plots

No
.

1.
2.

3.

4.

Treatment

50 UF+50 UM
50 UF+50 UM
+ 450 IF+M

50 UF+50 UM
+ 25 PF+M

50 UF+50 UM
+ 450 IF+M
+ 25 PF+M

First Generation
%

Sterility

5.2

44.9

4.9

43.7

% Pupal
Mortality

DBM Parasitoid
0(U)
0(U)

14.6 (I)

0(U) 0
0(U)

14.6 (I) 0

Second Generation
Unhatched

Eggs
(% Sterility)

5.47

54.3

4.47

52.9

Parasitoid
(No.)

-

-

19

35

DBM
Pupal

Viability (%)

100

57.5

81

32.5

U=UntreatedDBM
I =Irradiated DBM pupae 3 to 4-d -old with a dose of 200 Gy
P = Diadegma semiclausum
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The effect of combining releases of partially sterile DBM with those of the parasitoid D.
semiclausum in small field plots is shown in Table 3. Pupal viability in the Fi generation in
the area that received parasitoids and substerile DBM was 32.5%. The effect on pupal
viability by each single tactic was lower than when combined releases were made. The release
of substerile males only gave a pupal viability of 57.5% and releases of the parasitoid D.
semiclausum resulted in 81% pupal viability. It appears that combining the two tactics is the
most effective approach.

Results of the small field experiment where substerile DBM were released is shown in Table
4. The average number of DBM moths caught in pheromone traps per month from June to
October 1996 ranged from 74.2 to 149.6; these captures were always lower than those
recorded from the untreated area. The average level of fertility recorded at both sites is shown
in Table 4. The values for the treated area (75.6%-79.3%) were always lower than those
recorded for the untreated area.

Table 4. Effect of releasing 200 Gy treated male Plutella xylostella on population reduction in
the small isolated area of Cangar

Month in
1996

June
July

August
September

October

Mean number of moths captured
week1

Control Area
85.7
107.4
117.7
124

164.2

Release Area
74.2
96.3
103.2
114.5
149.6

Average level

Control Area
95.4
94.7
95.7
95.1
93.4

of fertility

Release Area
79.1
75.6
77.9
79.3
75.7

Average of 10 pheromone traps

Table 5. Comparison of the number of Plutella xylostella captured in pheromone traps,
number of pupae and rainfall at cabbage production areas, in West Java Province

Month
November, 1991
December, 1991
January, 1992
February, 1992
March, 1992
April, 1992
May, 1992
June, 1992
July, 1992
August, 1992
September, 1992
October 1992

No. of moths 1

8565
8146
6331
6572
5206
3344
4773
7057
8908
11617
9150
7111

No. of pupae2

531
485
456
262
327
116
277
462
1131
1536
1003
405

Rainfall (mm)3

574.5
334.4
329.1
341.9
513.5
454.7
148.1
102.9
124.1
191.3
357.2
533.1

1 No. of DBM caught in 15 pheromone traps at Ciloto, Cinere and Cileutik
2 No. of DBM pupae collected from 150 cabbage plants each at Ciloto, Citere and Cileutik
3 At Ciloto
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The yearly pattern of population fluctuation for DBM was similar at the three different
cabbage production areas (Ciloto, Cileutik, and Citere) in West Java Province (Table 5). The
lowest population level was found in April, and the highest population was present in August.
No correlation with rainfall is evident from this data. We would suggest that the best time to
initiate an SIT program would be in April because an SIT program is most effective when the
target population is low.

As shown in Table 6, the level of parasitization by D. semiclausum was highest on second
instar DBM larvae followed by parasitization of third instar larvae. Our results suggest that D.
semiclausum does not attack DBM larvae that are in the first or the fourth instar of larval
development.

Table 6. Parasitism by Diadegma semiclausum on Plutella xylostella (DBM) larvae of
different instars

DBM larval instar l

First
Second
Third
Fourth

Parasitism by D.
Total

0
634
307

0

semiclausum
Percentage

0
63.4
30.7

0
1 Ten pairs of D. semiclausum were released with 1000 DBM larvae of each instar and left together for 12 hours
(= 1 replicate)
2 Average of four replicates.
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