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ABSTRACT

Diamondback moth (DBM), Plutella
xylostella, is an important pest of
Brassicaceae in Taiwan. The insecticide
resistance of DBM is a serious issue. The
aim of this study is to develop a mass
trapping system for the sex pheromone of
DBM. We used synthetic sex pheromone of
DBM to develop the best formulation of
sex pheromone lure, and the optimal
number for mass trapping is 120 traps/ha
in this study. There was a lower density of
DBMs and a lower infested rate of DBMs
on the cauliflowers. Thereafter, we
designed various dry traps for DBM sex
pheromone. The “2-layer lepidopteran
flies up plastic trap” with ventilation holes
in the lower layer is as effective as a wing
sticky trap in the higher density of DBMs.
We hope this system can be introduced
into IPM programs for controlling DBMs.
The components and mixture ratio of
synthetic sex pheromone for DBM in
Taiwan have been authorized by
technology to a pesticide manufacturer for
commercialization and sale.

Keywords

diamondback moth (DBM), Plutella
xylostella, sex pheromone lure, dry trap
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ABSTRACT

Diamondback moth (DBM), Plutella xyfostella, is an important pest of Brassicaceae in Taiwan. The insecticide resistance of DBM is a serious issue. The aim of this study is to develop a
mass trapping system for the sex pheromone of DBM. We used synthetic sex pheromone of DBM to develop the best formulation of sex pheromone lure, and the optimal number for
mass trapping is 120 traps/ha in this study. There was a lower density of DBMs and a lower infested rate of DBMs on the caulifiowers. Thereafter, we designed various dry traps for DBM
sex pheromone. The “2-layer lepidopteran flies up plastic trap with ventilation holes in the lower layer' (ak.a. the No. 3-lep-2-up trap ) is as effective as a wing sticky trap in the higher
density of DBMs. We hope this system can be introduced into IPM programs for controling DBMs. The components and mixture ratio of synthetic sex pheromone for DBMin Taiwan have
|been authorized by technology to a pesticide manufacturer for commerciaiization and sale.

INTRODUCTION
Diamondback moth (DBM), Plutelia xylostella, is an important pest of Brassicaceae. Their hosts, like cabbage, Chinese cabbage, broccoli, cauliflower, and radish, are major crops in
Taiwan. The ingredients of sex pheromone of DBM were identified as (2)-11-hexadecenal, (2)-11-hexadecenyl acetate, (2)-11-hexadecenol, and (Z)-9-tetradecenyl acetate, many
formulation were reported, we should find the most suitable formula ratio in Taiwan. Sex pheromones usually were used to monitor or mass trapping with the sticky paper to catch insects,
but the durability of sticky paper is low and it was discarded at the field by user, we have to develop a reusable trap for progress. This poster is reviewing the development process of sex
pheromone lure and trap for DBMs, and the research of its application in the field in Tawan.

We compared the number of insects attracted to two Previous studies suggested that the attractive distance of DBM lure is 4 m. According to these data, the abundance of
fomulations of DBM sex pheromone lure and a Japanese traps needed to cover the whole field is about 120 traps/ha. We set different sex pheromone trap (with wing sticky traps, fig.
2) abundances for mass trapping the DBMs in caulifiower fields. The population monitoring result shows that the population

commercial lure, formulation A attracted the least number
of DBMs (24.410.6%), and the number of DBMs attracted  in all treatment fields was significantly lower than control fiekds. The monitoring trend lines of the 120 trap/ha treatment field

by formulation B (36.645.9%) was not significantly different are more separated from the - 750 1 120 apaha (A td)
from that of Japanese commercial lure (35.616.6%). control field (fig. 3). g ) B g~
Afterwards, we tested which dispenser is better. The ' 3 P - 3
result shows rubber septa (75.217.5%) was better than the ;-’ L R -] -
PV: mﬁ’be (zrijrsﬂ?mmb;?qﬁg ?: ‘q?‘mw: . P s BB TIen THewi| S e T, A ST A%
an we finally got the pr g. 1). Due Dute
tested the effective distance of the lure near the caulifiower  Ei F™] <omone 07 —12psa0sha B vel)
field, and the results showed that the traps located at the  § 3 @] - g wq =X
edge of the field caught the most DBMs * E o ;/_.’-— z 9]
(54.9:34.1), sgnificantly more tanthe |+ ‘ ' H 8"
traps located at 5m (3.542.2), 10m i " i SiandS  BdandS zso'.u:'os 105 1150 S B0 Wml  18eds (s 758

(2.3+1.8)and 15m (4.4+2.9) from the

_ 0.3, Thei f ¢ - .
edge of the field Fig1-The sexpherarsone e for DBAL Fig. 3. The influence of the number of traps per hectare on the DBM population density in

caulifiower fields in Taiwan, in 2004-2005.

Fig.2. Awi sticky trap.

The efficacy evaluation of mass trapping with DBM sex pheromone trap

We set DBM sex pheromone traps (with wing sticky traps) on 3 caulifiower fields
vith chemical control in place, the abundance of traps was 120 trapsiha, the
distance between traps was 8 m. The result showed that all of the mass trapping
fields had less infested rate of cauliflowers than the control fiekds (only applied
pesticides), but statistical analysis showed only a significant difference in the third
field. So, we summed up the infested rate of all fields. Whether it is the infested rate
of flowers or leaves, the mass trapping fields were significantly lower than the
control fields (fig. 4).

20 4 Leaves

8.9b

The evaluation of different types of traps for DBM sex pheromone lures

We test many different types of traps for DBM sex pheromone lures, including commerdial traps
and hand-made traps. After comparing various traps, the results of the last trial are shown in Table 1.
When the density of DBMs is lower than 200 insects/trap, the wing sticky trap caught most DBMs.
But the density of DBMs is higher than 200 insectsitrap, all types of traps are equally effective at
capturing DBMs. Finally, we chose the F trap (fig. 5) as the commercialization trap. The F trap is a
reusable plastic product designed acoording to lepidopteran taxis, we call it as No. 3-lep-2-up trap, it
is a 2-layer lepidopteran flies up plastic trap, and there is ventilation holes in the lower layer.

Table 1. Percentages of trapping number of insect of different types
of trap in different population densities of DBM in the field

& ) Types of % of total insect caught
G mE oy 7 trep_ Lower densiy of DBMs _Higher densiy of DBMs
H mPesicide g5, A 110 + 99 ¢ 116 + 55 a
= 10 6.1b B 111 £ 94 ¢ 140 + 71 a
b4 24 2.8a (o 173 £ 104 b 123 £ 65 a
T o5 48 D 137 + 85 be 124 + 60 a
B E 118 £ 65 be 167 + 58 a
2 o F 99 + 74 ¢ 181 +79a
= Field-1 Field-2 Field-3 Mean W@ (CK) 251 + 192 a 149 + 64 a .

{12-layer lepidopteran fiies up plastic trap with ventilation holes ™~ —
_ 50 . Flowers in the lower layer (ak.a. No. 3-lep-2-up trap). Fig. 5. Commerdalized F trap.
E3 @ Mass trapping {2 W: wing sticky traps.
§ O mPestcde
2 30 Sex pheromone lure for mass trapping is an IPM strategy for famer. The sex pheromone lures for
5 DBM has a little control effect and must be registered as a pesticde in Taiwan. According to the
2 2 13 efficacy trial before registration, the abundance of 120 traps/ha in the cabbage field can reduce the
g 10 application of chemical pesticides by 2-4 times, and the total cultivated cost was reduced by 50,000
z NTD/a. Sinon corporation technology transferred this lure and completed the pesticide
= 0 registration in 2018. Pheromones are a plant protect product that can reduce the use of chemicals.

Field-1 Field-2 Field-3 Mean We wil improve and promote products to increase farmers' wilingness to use them.
Fig. 4. Effects of mass trapping of DBM sex pheromone lure in the caulifiower Sy LaRRT LA
fields in Tawan, in 2007. Do) B33 88 3% T A 8 191 s
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ABSTRACT

In conventional agriculture
Chinese cabbage production in Taiwan,
insecticides are inevitably used to control

various insect pests, especially Plutella

involving
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xylostella (diamondback moth, DBM),
Pieris rapae (imported cabbageworm),
and Phyllotreta striolata (stripped flea
beetle). To reduce pesticide use, we
introduced an integrated pest
management program (IPM) to Chinese
cabbage growers, including the sex
pheromone of DBM for monitoring and
mass trapping, insecticide Cartap GR and
diatomaceous earth for controlling
stripped flea beetle larvae in soil, and
Bacillus  thuringiensis to  control
Lepidoptera larvae. We designed scouting
record sheets for different insect pests to
teach growers how to record situations of
pest occurrence so that they could launch
different control strategies according to
the amount of insect population.
Furthermore, the environmental impact
quotient (EIQ) was used to evaluate the
potential impact of pesticides on human
health and environment as a decision
support tool in IPM decisions. Field use of
EIQ can improve the selection and use of
pesticides in IPM decisions to reduce the
risk of hazards and can also be a useful
indicator for impact assessment of [PM
programs.

Keywords
Integrated pest management,

Environmental Impact Quotient (EIQ),
Chinese cabbage
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dntroduction

To reduce pesticide use, we introduced an integrated pest management program (IPM) to
Chinese cabbage growers, including the sex pheromone of DBM for monitoring and mass
trapping, insecticide Cartap GR and diatomaceous earth for controlling stripped flea beetle
larvae in soil, and Bacillus thuringiensis to control Lepidoptera larvae. We designed scouting
record sheets for different insect pests to teach growers how to record situations of pest
occurrence so that they could launch different control strategies according to the amount of
insect population. Plant protection products were applied in pest management, which has certain
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risks to the environment. The Environmental Impact Quotient (EIQ) is a tool that is being used s..mm.m} Diagnose & i (oo ] {E(vc'.l,:';‘:i"} (o J
] s measures efficacy)

to measure achievements in pesticide risk reduction. The EIQ was developed in 1992 by Kovach
et al. at Cornell University, USA. The EIQ can be a useful indicator when assessing the impact
of IPM programs on pesticide risk reduction. The Guidance Document No. 2 of the IPM impact
assessment series of FAO in 2008 revealed that The EIQ has been applied to several IPM
projects in Asia, such as Vietnam. The purposes of this article are to share how to disseminate
the IPM concept and operation principles, and introduce the EIQ to IPM programs for reduction
of risk of plant protection products use to the environment.

Keeping Records

What is IPM and its frameworks and implementation steps?
The core jobs in IPM are monitoring and keeping record.
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5 % To scout insects and record on the sheets for
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good decision making and choosing proper
and rational control measures.

‘We designed the scouting methods and

/ recording sheets for the concerning pests.

Prevention
eliminating eggs, larvae of insect pest and plant pathogens.

flea beetle, and cabbageworm are the most difficult control
pests on Chinese cabbage in Taiwan.

Flooding

setting pheromone traps for mass trapping and monitoring of Plutella xylostella
giving action thresholds and suggestions, according to level of damage loss by Chinese ca

bbage farmers

Pest control strategies

Suggestions of control
measures
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Chlstsé canpags ‘Recommendations for action thresholds
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1110 20 days
after planting
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Using Bt
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pesticides of shorter PHI

We suggested that the sample size for each field is at least 30 to 50 plants by
*, visual inspection.
~

What-is-EIQ-and-how to derive the values ?

% active

The Environmental Impact Quotient (EIQ) is an indicator that evaluates the ﬁemﬂug * = Eowue x ingrediere X Dos® X A"é‘éﬂ‘ésiﬁs
environmental impact of plant protection products, including their impacts on

farmworkers, consumers, and ecosystems. The EIQ value is a figure The risks to the environment of using
calculated for a specific active ingredient, according to a formula that includes pesticides are related to the amount of
11 parameters such as toxicity (dermal, chronic, bird. bee. fish, and beneficial _ [r— exposure. The EIQ is a hazard indicator.

It has to account for the exposure
amount causing hazard tisk, which
needs additional calculations to obtain
an indication of the pesticide risk. A
simple equation called the Field Use
EIQ was established, which is the

arthropod), soil half-life, systemicity, leaching potential, and plant surface
half-life. Each of those parameters is given a score of 1, 3, or 5 to reflect the
potential for harm. 2
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Choosing registered insecticides
to control insect pests.

Rotation insecticides using
different mode of action.
Records of spray operations
included date, time of day, and
environmental condition.

There are at least 10 plants within 3 stripped flea beetle adults. | Using chemical pesticides
21 days after There are at least 10 plants with 3 DBM or 3 cabbageworm Choosing Bt or chemical Ecoﬁ“iendly materials
planting to before | larvae, or more than 3 Lepidoptera larvae. pesticides of shorter PHT lvine di h £ .
harvesting There arcat least 10 plants within 4 stripped flea beetle adults. | Choosing chemical applying diatomaceous earth (DE) for suppression

larvae of stripped flea beetle on the seedling stage.

The EIQ is helpful in providing information about the potential environmental effects of IPM practices. If the EIQ value and percentage of active ingredient in a plant protection product
are higher, the usage of that product should be reduced to mitigate the hazard risk to the environment. Therefore, the EIQ field use rating can improve the selection and use of pesticides in

Using insecticide Cartap
GR to control larvae of
stripped flea beetle
before planting.

The use of pesticides and the EIQ field use rating of the first production season of a
Chinese cabbage farm in Zhutang Township, Changhua County, Taiwan in 2022.
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applications of oxamyl. However, the EIQ field use rating of dinotefuran is 6.9 less than 40.5
for oxamyl. because the EIQ value of oxamyl is higher than that of dinotefuran. The EIQ field
use ratings for emamectin benzoate and indoxacarb are lower than that of oxamyl. although
they were the same at 9 applications. The reason is that the usage and the EIQ value of both
insecticides are lower than that of oxamyl.
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ABSTRACT

Bacillus thuringiensis (BT) is a well-known
bio-insecticide that has been used for over
50 years to control -caterpillars on
cruciferous vegetables  worldwide,
including Plutella xylostella (Linnaeus)
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(diamondback moth, DBM), and noctuid
moths. BT is a spore-forming bacterium
naturally found in soil and on plant leaves,
providing a good choice for eco-friendly
agriculture. Two local B. thuringiensis
subspecies were collected by the Taiwan
Agriculture Chemical and Toxic Substance
Research Institute (TACTRI) from barns
and Semecarpus longifolius Blume leaves
in Taiwan. One is B. thuringiensis subsp.
kurstaki E-911 from a barn in Taiwan, and
the other is B. thuringiensis subsp. aizawai
Ab12 from a plant leaf. Both subspecies
were separately transferred through
technology to Fwusow Industry of Taiwan
in 2005 and 2014 for commercialization
and sale. The strains E-911 and Ab12 have
been registered in Taiwan in 2011 and
2023, respectively. The commercialized
products of B. thuringiensis subsp. kurstaki
strain E-911 and B. thuringiensis subsp.
aizawai strain Ab12 are 60% wettable
powder. We used E-911 and Ab12 with
artificial diet to feed second-instar DBM.
After 72 hours, the mortality of DBM was
96.7% for strain E-911 at 30 ppm and for
strain Ab12 at 60 ppm. In the field trial
result, 60% wettable powder formulation
of strain E-911 and strain Ab12 was
recommended to be sprayed twice and
three times on fields with DBM
infestations. And then, the treatment
group with the E-911 and Ab12 powder
diluted 1000 times had a 65.6-89.9% and
53.4-58.7% control rate. In Taiwan, most
strains of BT come from abroad. The
commercial products of E-911 and Ab12
are both new localized BT products in
Taiwan. It also provides Taiwanese
farmers with more options for effectively
controlling the diamondback moth.

Keywords

diamondback moth (DBM), Plutella
xylostella, Bacillus thuringiensis, E-911,
Ab12, Taiwan
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Abstract

Bacillus thuringiensis (BT) is a well-known bio-insecticide that has been worldwide used for over 50 years to control caterpillars on cruciferous vegetables,
including Plutella xylostella (Linnaeus) (diamondback moth, DBM), and noctuid moths. BT is a spore-forming bacterium naturally found in soil and on plant
leaves, providing a good choice for eco-friendly agriculture. Two B. thuringiensis subspecies were collected by Taiwan Agriculture Chemical and Toxic
Substance Research Institute (TACTRI) in Taiwan. One is B. thuringiensis subsp. kurstaki E-911 from a bamn, and the other is B. thuringiensis subsp. aizawai
Ab12 from Semecarpus longifolius Blume leaves. Both subspecies were technology transferred to Fwusow Industry at 2005 and 2014 for commercialization
and sale, and also have been registered in Taiwan at 2011 and 2023. Moreover, the formulation of E-911 and Abl2 commercialized products are 60% wettable
powder. The artificial diet 3™ instar DBM were fed with E-911 and Ab12. The results showed that mortality of DBM was 96.7% for E-911 at 30 ppm and for
Ab12 at 60 ppm after 72 hours. In field experiments, 60% wettable powder formulation of E-911 and Ab12 were sprayed twice and three times on fields after
DBM infestation. And then, the control rate of diluted 1000 times in E-911 and Ab-12 had a 65.6-89.9% and 53.4-58.7%. In Taiwan, most strains of BT were
imported from abroad, and annual amount was about 50 million NTD. Therefore, it is important to develop localized BT strain to control pests. The commercial
products (E-911 and Ab-12) in this study are both new localized BT products in Taiwan, which can also provide Taiwanese farmers with more eco-friendly
options for effectively controlling DBM.

Introduction

BT is a well-known bio-insecticide that has been used for more than 50 aple]. The Commercial information of BT strain E-911 and Ab12
years from late 1950s to control agriculture pests. Among BT, the subspecies

kurstaki and aizawai are world-famous to control caterpillars on cruciferous e D R
vegetables, including DBM and noctuid moths. @®)®) wn
EZk
Where were BT strain E-911 and Ab12 collected from? (EBR# 7)EE-911)
B. thuringiensis subsp. kurstaki E-911 and B. thuringiensis subsp. Product labeled in Taiwan “‘”EE’;:‘“
aizawai Ab12 were collected by TACTRI from bams and Semecarpus
longifolius Blume leaves in Taiwan. @ <

ST

‘What products are make from BT strain E-911 and Ab12 in Taiwan ?

The formulation of E-911 and Abl12 commercialized products are 60% Strain name: E-911 Ab12
wettable powder. Both subspecies were technology transferred from Commercial name: FWUSOW BT1 FWUSOW BT-Ab12
TACTRI to Fwusow Industry at 2005 and 2014 for commercialization and ] . YL EY
sale, and also have been registered in Taiwan at 2011 and 2023, respectively. ~ Chinese commercial name: (Su-li-bao) (Nian-ze-bao)

The commercial name of E-911 is Su-li-bao (& /7 %) and Ab12 is Nian-ze-
bao (457# %) in Taiwan (Table 1).

Feeding DBM with Leaf Dipping in E-911 Using E-911 and Ab12 to control DBM in field experiment
The control rate of DBM by using E-911 and Ab12 A Pepriatien Fluctuation of DEM (E-511)
100% 2 2 a ) in Taiwan ficlds Lo mememon
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mortality of DBM was 96.7% across all treatments after 48 hours. wd750x md1000x

0 sy 7 ey 14day Aary

Feedlng DBM with ArtlﬁCIal Diets Of E-911 and Ab12 Fig2. All field experiment of E-911 in 2009-2010, Fig3. The population fluctuation of DBM
and Abl2 in 2017-2018 were conducted in larvae in field experiment by using E-911 (A)

Table2.Insecticidal activity of Bacillus thuringiensis products against Plutella xvlostella Changhua, Yunlin, Tainan, and Pingtung. and Ab12 (B).
larvae with artificial diet to feed DBM @ .
Cumulative mortality (%)

I No oflarae y Conclus

ested (n; 48h 72h = . . =
E-911 30ppm £ 533 567 @ The 1 products of E-911 and Ab12 are new localized BT products in Taiwan, and the
E-911 15ppm 30 133 36.7 results showed that they both had a good control to DBM whether in lab or field experiment. The
E-911 30ppm 90 66.7 922 study were provided farmers with new eco-friendly options for controlling agriculture pests. In the
E-911 15ppm 90 15.6 46.7 future, it may also have the opportunity to become a new choice for the use of BT products in the
Ab12 60ppm 30 433 9.7 @ world.
Abl12 30ppm 30 333 70.0
Ab12 60ppm 90 50.0 933 Acknowledgment
Ab12 30ppm 90 33 70.0 1.Some of the results of E-911 in this study were revalidated under a project in collaboration with the World Vegetable Center
BTA standard® 20ppm 100 710 99.0 2.The strain E-911 and Ab12 used in this research were collected from study of Dr. Ching-Chou Tzeng (retired from TACTRI) in Taiwan.
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