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Diamondback Moth

Larvae of the diamondback
moth  (Plutella xylostella, or
DBM) cause the most damage
to crucifer crops worldwide
and the most serious damage
to vegetable crops in Southeast
Asia. Crucifer crops affected
include cabbage, Chinese
cabbage, Chinese kale,
cauliflower, broccoli, mustard,
Chinese radish, pak-choy, and
several others. Most DBM
populations are maintained
below damaging levels in
Europe and in the northern
United States by effective
naturally-occurring insect
predators and parasitoids. Lack
of effective DBM parasitoids in
the tropics and subtropics is
considered a critical reason for
the persistence of the control
problem in lowland Southeast
Asia.

DBM control costs (primarily
pesticide costs) are estimated
to be US $I billion per year
worldwide. DBM larvae cause
the most serious damage to
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Parasitoids of the Diamondback Moth in Thailand
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Figure |. Life cycle of Diamondback moth

crucifer vegetable crops in
central Thailand as the pest has

become resistant to nearly
every class of insecticide.
When new and effective

insecticides become available,
they are used continuously for
DBM control until resistance
develops and the product is no
longer effective. This can occur
within one or two growing
seasons. The overuse/abuse of

Figure 2. Diamondback moth larvae feed on the leaves
which results in "windows".

pesticides against DBM has
become a serious problem in
many parts of Thailand. This
overuse causes health
problems for farmers applying
the pesticides, may
contaminate soil and water,
and may result in excessive
residues in vegetables. In
addition, natural enemies of
DBM and other pests are killed
by this over-reliance on
pesticides. It is hoped that this
brochure will increase
awareness of the diversity of
DBM parasitoids found in
Thailand and stimulate
increased efforts in biological
control and integrated pest
management (IPM).

The life cycle of this pest is
illustrated in the diagram
(Figure 1). The larval stages
cause the damage to cabbage
and other crucifer crops. The
usual symptoms of DBM
damage are small transparent,
papery, "windows" on the
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Egg parasitoids

Every stage of the DBM (egg, larval, pupal) is attacked by
parasitoids in Thailand. Egg parasitoids are very tiny wasps
that deposit their eggs and develop inside eggs of insect pests.
At least one DBM egg parasitoid species, Trichogrammatoidea
bactrae, is naturally-occurring in Thailand. This parasitoid was
mass reared, released, and field tested by the Department of
Agriculture in the mid-1980s and 1990s. Parasitism ranged
from 16% to 45% of DBM eggs in unsprayed experimental
fields in the lowlands. Experimental results have shown that T.
bactrae can control DBM in solitary outbreaks but that it is
easily killed by insecticides used to control other crucifer
pests. Simple mass rearing techniques have been developed
for this and other Trichogramma species in Thailand.

Larval parasitoids

Some DBM parasitoids deposit their eggs in only the larval
stages of DBM. These are called larval parasitoids. The adult
female parasitoid deposits one or more eggs inside the body
of the DBM larva; the egg hatches and the parasitoid larva
grows inside the DBM larva without killing it. After a while
the DBM larva dies and the parasitoid larva makes its cocoon.
Some parasitoid species make their cocoons outside the dead
or dying body of the DBM larva (as does Cotesia plutellae)
while others make their cocoon inside the DBM cocoon (as
does Diadegma semiclausum). The adult parasitoid (wasp)
emerges from its cocoon, mates, and the cycle repeats itself
for as long as DBM hosts are available.

Cotesia plutellae. This species is a small (2.5-2.6 mm, Figure
3) wasp in the family Braconidae. It is most often observed in
the field as a tiny white cocoon (3-3.5 mm) attached to leaves
of crucifer crops. Sometimes it is found next to the dead
body of its DBM caterpillar host as in Figure 4. Its life cycle
lasts about |3 days from egg to adult emergence. The adults
live much longer (28-35 days) if flowering plants and nectar
are available. C. plutellae is the dominant larval parasitoid of
DBM in Thailand. Parasitism has been reported as high as 88%
but usually ranges around 20-40% of DBM larvae. It has been
found during every month of the year in parts of northern
Thailand where crucifer crops are grown year-round. It has

Figure 3. Adult and pupa of the parasitoid wasp Cotesia
plutellae

even been found in some fields in the North where harsh
organophosphate pesticides were being used. This suggests
that some populations of C. plutellae may have become
resistant to pesticides used in certain areas. C. plutellae is also
more abundant in areas with overlapping plantings of crucifer
crops. It is not unusual to find one or more C. plutellae
cocoons per plant in abandoned crucifer plantings in these
areas.
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Figure 4. Pupa of the parasitoid Cotesia plutellae near
dead diamondback moth caterpillar

Unfortunately, in most cases successful biological control of
DBM in lowland Southeast Asia has not been accomplished by
naturally-occurring or introduced C. plutellae alone. Although
field collections indicating C. plutellae parasitism at or above
50% are fairly common, this usually occurs after DBM
populations have already reached damaging levels. Good
control is possible, however, when Cotesia is present and safe
control products like Bt (i.e., Florbac, Xentari, Bactospeine,
etc.) are used. Successful biological control has also been
achieved in lowland crucifer fields with this species when
multiple releases were made during the growing season. C.
plutellae releases within nylon nethouses have also
successfully controlled DBM in Thailand. Biological control
with C. plutellae or other parasitoids is easier with crops like
broccoli or cauliflower compared with cabbage or Chinese
kale. Broccoli, cauliflower, or crucifer seed crops can tolerate
more leaf damage than cabbage or Chinese kale.

Macromalon orientale. This parasitoid is a wasp in the
family Ichneumonidae (4-6 mm long, Figure 5). Not much is
known about the distribution of this parasitoid in Thailand. So
far this species
has been found
only in Chiang
Mai province
where it was
reared from
both DBM
larvae and
pupae that
were collected
from crucifer
crops at Maejo
University in
1989-90. At
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Figure 5. Adult Macromalon orientale wasp
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that time low numbers of this species were found late in the
growing season in February and March and parasitism was
only 0.5% to 6% with an overall average of only 3%. M.
orientale was also found in abandoned highland cabbage fields
at Nong Hoi (elev. 1000 m) in January, 2004. It is considered
an important DBM parasitoid in the Assam region of India. M.
orientale has never been mass reared and released in Thailand.

Diadegma semiclausum. This parasitoid (5-7 mm, Figure 6)
is also a wasp from the family Ichneumonidae. It is best
adapted to cooler, temperate climates. Although it does not
occur naturally in Thailand, it can and should be mass reared
and released here. It has been the most effective of all DBM
parasitoids in tropical highland production zones where it has
become established after being mass reared and released. D.
semiclausum's life cycle is 12-16 days from egg laying to adult.
Adults live up to 25 days when honey or nectar from flowers
is available but survive for only 3 days if no food is available.

Figure 6. Adult Diadegma semiclausum wasp

This species has been introduced to many Southeast Asian
countries over the past decade and has controlled DBM in
the highlands of Malaysia, Vietnam, Laos, and the Philippines
with subsequent dramatic reductions in pesticide use. This
species was imported by the Department of Agriculture in
the mid-1990s; however, only a few releases were made in
the central highlands (Petchaboon province) where it
reportedly did not become established. D. semiclausum has
not yet been tried in the North where it can be mass reared
and released in the highlands in conjunction with IPM
programs of the Royal Project Foundation. If it is not killed by
insecticides, it should be successful in controlling DBM in the
northern highlands. Farmers can be provided with Bt
products to use as a component of the IPM program where
parasitoids are released. Unfortunately it does not survive in
lowland areas below about 800 m.

Other larval parasitoids. There are several other larval
parasitoids of DBM which could possibly used for biological
control in Thailand. These include a temperate species,
Microplitis plutellae, which is a small braconid wasp very similar
to C. plutellae. Studies in Taiwan have shown that this species
is more heat tolerant than other temperate DBM parasitoids;
it has been mass reared and released in Cambodia where it

contributed to DBM control. Another DBM parasitoid,
Oomyzus sokolowskii, was imported, mass reared, and released
for DBM control by the Department of Agriculture at
Kanchanaburi in the mid-1990s. Parasitism in the field by this
species was low and it was concluded that it may not be very
suitable for biological control of DBM in Thailand.

Pupal parasitoids

Some DBM parasitoids attack and deposit their eggs only in
the cocoons (pupae) of DBM. These are called pupal
parasitoids; they do not compete directly with larval
parasitoids of DBM. The adult wasp emerges from the
remains of the DBM cocoon. Naturally-occurring pupal
parasitoids of DBM have been found in Thailand.

Diadromus collaris. This ichneumonid wasp (6-7 mm)
deposits its eggs only in DBM cocoons (Figure 7). Its life cycle
is 15 days from egg to adult emergence. This species is
naturally occurring in Thailand where it has been found in
Chiang Mai and Petchaboon provinces. It parasitized 9%-31%
(average 16%) of DBM pupae that were collected at Maejo
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Figure 7. Adult Diadromus collaris wasp on a pupa of
diamondback moth

University (elev. 300 m) in February and March of 1990. Many
adults of this species were also observed in the field at Maejo
in March of 1989-90 and in abandoned highland cabbage fields
at Nong Hoi (elev. 1000 m) in January, 2004. Parasitism was
23% and 63% of DBM pupae collected in the Khao Khor
highlands of north-central Thailand in February of 1985 and
1986, respectively; 28% of pupae collected in Petchaboon
were parasitized by this species in 1995. D. collaris appears to
contribute significantly to natural control of DBM and has
been reared and released for DBM control in several
countries in southeast Asia.

Brachymeria excarinata. This is a very small (about 3 mm),
stocky parasitoid in the family Chalcidae (Figure 8). B.
excarinata were found in DBM pupae collected late in the
growing season in February and March of 1990 at Maejo
University in Chiang Mai. Pupal parasitism ranged from 0 to
25% with an overall average of 9%. B. excarinata were also
found to be hyperparasitic (i.e., a parasitoid of another
parasitoid species) of Cotesia plutellae at Maejo, but at a very
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low frequency. This
species also occurs
in some parts of
India both as a
primary DBM pupal
parasitoid (15-60%
parasitism) and as a
hyperparasitoid of
C. plutellae.
Brachymeria sp. was
more recently o _N

reported Figure 8. Adult Brachymeria excarinata
parasitizing DBM  wasp on a pupa of diamondback moth
pupae in samples

collected by the

DOA from Tak province. It was also successfully mass reared
by the DOA in the mid-1990s. A single individual of another
Brachymeria species, identified as Brachymeria lasus, was reared
from DBM pupae collected in January 1990 from Loei
province.

Acting alone, none of the pupal parasitoids can match the
effectiveness of Diadegma semiclausum; however, together
they can have considerable impact on DBM populations.
Combined parasitism by parasitoids D. collaris and B.
excarinata, for example, ranged from 9 to 56% with an overall
combined average of 25% of DBM pupae parasitized during
February-March, 1990 at Maejo in Chiang Mai.

Improving biological control of
DBM and other crucifer pests in
Thailand

Many farmers have never seen any of these DBM parasitoids
in their fields. This is usually because they have not been
trained to look for them. It is also because the parasitoids
have often been killed as the result of overuse of harsh
pesticides for DBM control. Farmers can do many things to
reestablish and protect natural enemies in their vegetable
plantings.

Cultural practices such as irrigation methods can be modified
to improve DBM control and reduce pesticide use. In central
Thailand, for example, many growers use frequent overhead
irrigation which washes off pesticides--including safe products
like Bt--soon after they are applied. This results in loss of
control and subsequent overuse of pesticide mixtures or
"cocktails". Natural enemies have little chance to survive
under these conditions. Drip irrigation (Figure 9) is being
introduced in some regions and could significantly help
improve control of DBM and other crucifer pests. Use of drip
irrigation will also result in water savings and will reduce the
incidence of foliar diseases. The extension of drip irrigation
could be combined with the use of Bt or other "reduced risk"
pesticides in conjunction with release of DBM parasitoids.
These could be the building blocks of an IPM program for
crucifer pests in central Thailand.

Another common production practice which affects biological
control by parasitoids is the continuous production of
crucifer crops in the central region and elsewhere in

Figure 9. Drip irrigation

Thailand. Although there may be some benefits--such as the
continued survival of the host (DBM) and consequently its
parasitoids (i.e. Cotesia plutellae)--this practice appears to be
for the most part detrimental. Populations of all crucifer pests
such as DBM, cabbage looper (Trichoplusia ni), imported
cabbage worm (Pieris rapae) cluster caterpillar (Spodoptera
litura), and fleabeetles (Phyllotreta sp.) are maintained by
continuous cropping and quickly infest new plantings. In
contrast, it is often possible to produce a cabbage or other
crucifer crop with little pesticide use in areas where the crop
was preceded by a "crucifer-free period". This crucifer-free
period of 3-4 months will often result in drastic reductions of
pest populations. At Maejo University, it is possible to
produce a crucifer crop with very little need for insecticide
treatments when planted after a rainy season rice crop.

Farmers can encourage parasitoids by planting flowering
crops such as "Kwangtung” (Figure 10) or in some cases by
not cutting down flowering weeds bordering production
fields. Adult parasitoids feed on nectar and growing flowering
crops will significantly increase their longevity (and therefore
parasitism) in the field. Adults of C. plutellae, for example, live
only 5-8 days without food but survive for 28-35 days when
allowed to feed on nectar. The same is true for most other
parasitoids.
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Figure 10. Parasitoids can be encouraged by growing
flowering plants near crop fields
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Thailand has several naturally-occurring DBM parasitoids that
have not been found in other countries in Southeast Asia.
Unfortunately these appear to have been killed off by overuse
of harsh pesticides in many areas. The diversity of indigenous
DBM parasitoids can contribute significantly to the natural
control of DBM, especially late in the dry season. Other
treatments will often be required in the early part of the
growing season, however, to keep DBM and other crucifer
pests below economically damaging levels. Using treatments
less damaging to parasitoids such as Bt products or neem will
conserve natural enemies and contribute greatly to reducing
DBM damage later in the season.

Probably the most effective IPM strategy will be to enhance
natural control by reducing or eliminating the use of broad
spectrum insecticides which are most damaging to natural
enemies. This will require further efforts at IPM education
(such as Farmers Field Schools or FFS) which ideally should
be coupled with self-sustaining inoculative releases of both
indigenous and exotic DBM parasitoids in lowland and
highland production zones. The most effective releases will be
carried out with the full participation of interested farmers in
conjunction with IPM education/extension programs. Areas
where successful vegetable FFSs have been or are being
conducted should be ideal for the introduction of new

biocontrol agents (Figures || and 12).

Figure I |. Farmers in an FFS make field observations and
collect specimens of pests and natural enemies

Now that the Department of Agricultural Extension has
insect natural enemy rearing facilities all over Thailand, Cotesia
plutellae can be reared and released in order to reestablish
this species in lowland production regions where its
populations may have been drastically reduced by overuse of
broad spectrum insecticides. C. plutellae populations may also
recover on their own when Bt and other selective control
treatments are used on a regular basis. A Cotesia-based IPM
program should succeed in Thailand if strongly supported by
extension efforts as was the case in the Philippines. Rearing
and release of Microplitis plutellae and other parasitoids may
also be considered.

Figure 12. Farmers in the FFS discuss how to manage their
crop with IPM methods that help to preserve natural enemies

Diadegma semiclausum should be re-imported, mass reared
and released in the northern highlands, especially in Royal
Project-assisted sites at elevations over 800 m. Several
researchers and technicians from the Department of
Agriculture have already been trained in DBM and DBM
parasitoid rearing and Royal Project-trained IPM/Plant
Protection advisors could assist in this project. This would be
an ideal program for the Royal Project Foundation together
with the Department of Agricultural Extension's biological
control centers.

Provided Bt and other selective products are used and
parasitoids become established, it should only be necessary to
rear and make inoculative releases of DBM parasitoids over a
3-5 year period. Conservation of indigenous natural enemies
together with further development and use of exotic species
will help alleviate growing public concerns about the
environment, farmer safety, and excessive pesticide residues
in vegetable crops.

Note:

° DBM life cycle (Figure I) courtesy of the Department
of Agriculture

° Diadegma semiclausum photo (Figure 6) courtesy of
Dr. Merle Shepard

° FFS photos by Hein Bijlmakers (Figure || and 12)

° all other photos by Brent Rowell.
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How to rear diamondback moth (DBM) larvae to look for
parasitoids

Introduction

Larvae of the Diamondback Moth (DBM) cause very serious
damage to cabbage, Chinese cabbage, Chinese kale, mustard,
Kwangtung, cauliflower, broccoli, and others. DBM are
resistant to many insecticides and are difficult to control. The
usual symptoms of DBM damage are small transparent,
papery, "windows" on the surface of leaves; these windows
do not go all the way through the leaf (Figure 13).

There are several species of parasitoids which help reduce
DBM populations in the field. Overuse of some types of
insecticides, however, can kill DBM parasitoids and make
control more difficult. Farmers can help conserve parasitoids
by using microbial pesticides such as Bt or natural products
such as neem. Farmers can learn whether DBM parasitoids
are present in their field by conducting the following exercise.
This can be part of the Insect Zoo in a Farmers Field School.

1. Collect the larvae

You can collect DBM larvae (Fig.13) from your own field or
from an old field that has been abandoned. Make sure you
know which larvae are DBM; they are very small, only 5 to 12
mm long. Look carefully for them on the undersides of the
leaves. Remove them from the leaves using a small soft-bristle
paintbrush or tear off a piece of the leaf with the larva. Put an
unsprayed leaf of cabbage or other crucifer crop into a small
container (any kind of container will work for field
collection). Brush the worms onto leaves in the container.
Keep your collection box in the shade until you move the
larvae to a rearing container (step 4). Collect 25-50 larvae.
Remember, the more larvae you collect, the greater chance
you have of finding DBM parasitoids.

2. Prepare a rearing container

Many types of containers can be used for rearing DBM but
the cheapest and easiest is probably a plastic wide-mouth
bottle (Figure 14). The bottle should be covered using
mosquito-netting or similar cloth and a rubber band (Figure
15). Clear plastic boxes can also be used if available.

Figure |5. Rearing container for diamondback moth
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Figure 16. Preparing leaves for use in rearing container

3. Prepare DBM food (cabbage or
other crucifer crop leaves)

Pick a few unsprayed leaves of cabbage or other crucifer
crop. Trim the leaf petioles with a knife or cutter (Figure 16).
Soak some cotton balls in plain water or water mixed with a
soluble fertilizer (Figure 17, 18 and 19) or urea dissolved in
water. Squeeze some of the water (but not all') out of a
cotton ball and wrap it tightly around the cut base of the leaf
petiole. Wrap the cotton and leaf base with a small plastic bag
and seal this using a rubber band (Figure 20). The leaf should e
now live for 2-3 days without wilting or drying out.

4. Transfer food and larvae to the
rearing container

Put 1-2 prepared leaves in the rearing bottle (Figure 15). One
large leaf should be food enough for 15-20 larvae for 2-3
days. Transfer the larvae to the new leaves in the rearing
container using a paintbrush. Put in fresh leaves after 2-3
days-or whenever you see they have been eaten or have
dried out.

Make sure to protect the rearing bottle from ants.

Figure 20. Wrap plastic around the wet cotton
I EEE——




1 LY

Did You Take Your Poison Today?

Aroport by tho IPM DANIDA project -

The report “Did you take
your poison today?”
provides facts and opinions
on the hazards of pesticide
use in Thailand.

The report is available in
Thai and English language.
Please write to the project
to obtain a copy.

The report can also be
downloaded from the
internet:
www.ipmthailand.org
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Strengthening Farmers' IPM
in Pesticide-Intensive Areas

Department of Agriculture
50, Phaholyothin Road,
Chatuchak

Bangkok 10900

Thailand

Tel: 02-579 9654
Fax: 02-579 9655

Email:
ipmdanida@ipmthailand.org

5. Look for DBM adults or
DBM parasitoids

If DBM larvae are not parasitized, they will develop
normally into light green cocoons (Figure 21).
Depending on how large the larvae were when
collected, this could happen within a few hours or
up to a week after collection. DBM adults (Figure
22) will emerge from the cocoons a few days later.
Some DBM larvae will die and you may see a very
small white cocoon next to the dead DBM larva
(Figure 23). This is the cocoon of a parasitoid of
DBM. Wait a few more days and you will see a very
small wasp (about 2.5-3 mm long, Figure 24)
emerge from this cocoon.

This species of wasp is the most common
parasitoid of DBM in Thailand and Southeast Asia.
Several other species of DBM parasitoids have been
found in Thailand (see: Parasitoids of the
Diamondback Moth in Thailand).

Parasitoids of DBM pupae

You can also check for parasitoids of DBM pupae
by collecting only DBM cocoons from the field. You
can keep these in any kind of small container
without food. Just keep them for 1-2 weeks to see
if DBM moths or parasitoids emerge from the
cocoons. Parasitoids of DBM pupae are described
in more detail in: "Parasitoids of the Diamondback
Moth in Thailand"

Optional

If you want to determine the percent of DBM that
are parasitized, you may have to wait until all the
larvae have changed to either adult moths or
parasitoids. This can take up to two weeks. Wait
until all the moths and parasitoids have died in the
container. Count the total number of adult moths
(2) and parasitoids (b). Divide the number of
parasitoids (a) by the total number of adult moths
and parasitoids (a + b) and multiply this number by
100 to get the percentage.

Example:
After two weeks we take out the dead moths and
parasitoids and count them: here are the results:

Dead moths: |5

Dead parasitoids (tiny wasps): 5

Total moths + parasitoids = 15 + 5 = 20
Percentage of parasitoids: 5/20 = 0.25 x 100 = 25%
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Figure 21 Diamondback moth (DBM) pupa in
cocoon

Figure 22. Diamondback moth (DBM) adult
moth

Figure 23. Pupa of the parasitoid Cotesia
plutellae near dead diamondback moth
caterpillar

Figure 24. Adult and pupa of the parasitoid
wasp Cotesia plutellae




