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Bacillus thuringiensis (Bt) preparations imported%from abroad have
been in commercial use in Taiwan for more than 3 décades. Most of the
Bt products on the market are based on Bt subsps. kurstaki, aizawai and
israelensis targeting Lepidoptera and mosquito larvae. Requirements
for the registration of Bt products are outlined in ""Data Requirements
for Microbial Pesticides' which was modified and adapted from the US
EPA Guidelines for registering microbial pesticides. New Bt product
registration was done after the promulgation of the regulation on
December 13, 1991 by the Council of Agriculture (COA). Basic data
and information requirements include: A, Product analysis, including
product identity; biological, physical and chemical properties; and
analytical methods. B, Toxicology requirements including oral
toxicity/pathogenicity; pulmonary toxicity/pathogenicity; intravenous
toxicity/pathogenicity; eye irritation/ infectivity; reports of
hypersensitivity incidents. C, Environmental studies, including aquatic
toxicity; avian toxicity/pathogenicity; and nontarget insect and
honeybee -toxicity/pathogenicity. When applications for registration of
foreign Bt products were made to the Provincial Department of
Agriculture and Forestry (PDAF), pertinent documents and
information from foreign countries were submitted for review. Bt of
native origin requires only product analysis and oral toxicity/
pathogenicity or acute pulmonary toxicity/pathogenicity data.

Potency of Bt preparations expressed by PIU (Plutella International
Units)/mg, is determined by bioassay with 3rd-instar Plutella xylostella
larvae wusing the US standard, 1-S-1980. The recommended
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concentration of Bt preparation for target pest control must be
evaluated by field trials. However, the potency requirement for Bt

subsp. israelensis against mosquitos was considered satisfied if the US
EPA performance requirements for public health products were met.

INTRODUCTION

Commercial Bacillus thuringiensis products were first introduced into

Taiwan, ROC in 1958. Tests and trials were conducted by various ™

institutions to ascertain product efficacy under local conditions. Upon
successful completion of field trials, these products were first recommended
for insect control to farmers and growers in 1960 (14). Currently Bt
insecticides are almost exclusively used for controlling Lepidoptera such as
Ostrinia furnicalis, P. xylostella, Trichoplusia ni, Pieris canidia sordida, P.
rapae crucivora, Spodoptera exigua on vegetables; Andraca bipunctata on
tea and Dendrolimus punctatus in forests (9). In addition, some B.
thuringiensis subsp. israelensis products are used for mosquito larvae
control. Agrochemical sales are estimated to be in excess of US $§ 205
million, of which some 43% or more is for insect pest control. At present,
Bt-based products have a relative small share (about 0.29%) of the
agrochemical market. Most of the Bt products consumed are imported from
other countries. About US § 474,571 of formulated Bt products were
imported in 1993. Domestic formulations were only 20.7% of the sales (10,
11). The currently registered Bt products and their consumption in Taiwan
are shown in Table 1, 2 and 3.

Previously, the registrations of Bt products were basically conducted
according to "The Rules of Pesticide Control in Taiwan" promulgated by the
Taiwan Provincial Government in 1959 and "Pesticide Control Act" issued
by the Central Government in 1972 (8). After issue of the "Data
Requirements for Microbial Pesticides" by the Council of Agriculture in
1991, each applicant who wishes to continue to sell or want to register new
Bt products should meet the newer criteria. The following paragraphs
explain the basic guidelines applicable to Bt registration and the framework
involved.
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TABLE 1a. Currently registered domestic Bt products in Taiwan, ROC

Active agent Classification Product Company
B.t. subsp. Domestic Su Lih Jiunn Hua-Nung Co., Ltd.
kurstaki forumlation Kuang-Hua Pao Kuang-Hua Chemical Co. Ltd.

Keh Chorng Ling
Huey-Kuang Pao
Shu-Lih Jiunn
Tsay Pao

Lei Gong Pao
Su Mieh Pao

Chia Tai Enterprise Co., Ltd.
Huey-Kung Chemical Co., Ltd.
Shinung Co.

Taiwan Provincial Farmers'
Association Agricultural
Chemical Plant

Shyh Da Agrochemical Co., Ltd.
Tai Yih Agrochemical

Plant Co., Ltd.

Basic data requirements for microbial pesticides. This article
describes the kinds of data needed to support registration of microbial
pesticides. The following information is required in the areas of product

analysis and safety data (2):

Product description, properties and characteristics.

A. Product identity.

1. Statement of origin.

a.Imported or
manufactures or importers.

domestically formulated products; name of
The importer shall provide the

certification of commercialization from the foreign country where
the product is manufactured.

b.Naturally occurring or

artificially improved. Details on

technology of artificial improvement, mutation, genetic alteration
or other methods are required.

c.For imported microbial pesticides, it is necessary to clarify
whether the microbe occurs naturally in its domestic location.

2. Information on ingredients.

a.The scientific name, taxonomic position, strain or serotype, name
of active ingredient(s) and description of granules, inclusion
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bodies, toxic proteins, cell and spores are required. The active
ingredients are to be expressed in potency units eg. 1U/mg;
No./weight or No./volume eg. IB, CFU,; % of weight/weight; or
other appropriate unit(s).

TABLE 1b. Currently registered foreign Bt products in Taiwan, ROC

Active agent Classification Product Company
B.t. subsp. Imported:
kurstaki Technical grade: Bt (tech. grade)  Abbott Labs.
Finished Biobit (WP)
products: 8,000 IU/mg Novo Nordisk
Biobit (WP)
16,000 IU/mg  Novo Nordisk
Bt (WP)
16,000 IU/mg CM.L
Bt 3% (WP) Sundat(s) PTE
Dipel (G)
1,600 IU/mg Abbott Labs.
Bt 3% (WP) Protex
Bt 3% (WP) Chunjn
Thuricide Sandoz
Javelin Sandoz
Bactucide CRC.
Thuricide
120 b sp/mg Sandoz
Bt 3%(W.P.) Chimac Agriphar
B.t. subsp. kurstaki
EG 2348 (Conjugate) Condor Ecogen
B.t. subsp. kurstaki
EG 2371 (Conjugate) Cutlass Ecogen
B.t. subsp. kurstaki
EG 2424 (Conjugate) Foil Ecogen
Heat-killed Pseudomonas
fluorescens cells containing
Bt toxin gene, CrylA(c) MVP Mycogen
B.t. subsp. aizawai - Xentari Abbott Labs.
B.t. subsp. aizawai
GC-91 (Conjugate) Agree Ciba-geigy

B. t. subsp.
israelensis




Registration of BT Preparations in Taiwan 341

TABLE 2. Bt products consumed in Taiwan, ROC (1992)

Origin Total
Type  Domestic formulation Imported
Quantity Amount  Quantity Amount Quantity Amount
WP 2,147 25,926 76,082 699,798 78,229 725,724
F - - 6,000 34,460 6,000 34,460
WDG - - 26,100 574,660 29,100 574,660
Total: 2,147 25,926 111,182 1,308,918 113,329 1,334,844

Unit: Quantity (kg or 1): Amount (US §)
From: Domestic Manufactures' Production & Sales of Pesticides in 1992.

(Taiwan Agrochemical Industry Association, 1993)

TABLE 3. Bt products consumed in Taiwan, ROC (1993)

Origin Total
Type  Domestic formulation Imported
Quantity Amount Quantity ~ Amount  Quantity = Amount
WP 10,263 123,925 35,058 272,875 45,321 369,800
G - - 30,146 90,096 30,146 90,096
WDG - - 6,000 111,600 6,000 111,600
Total: 10,263 123,925 71,204 474,571 81,467 598,496

Unit: Quantity (k or 1) Amount (US $)
From: Domestic Manufacturers' Production & Sale of Pesticides in 1993.

(Taiwan Agrochemical Industry Association, 1994)
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b.Name, identity, quantity and purpose of additives eg. diluents, UV
protectants, stickers, spreaders in % of w/w are required.

c.Other impurities are to be described.

3. Manufacturing process.
a.Description of the basic manufacturing process is required.
b.A confidential statement of formula is required.

c.A discussion of formation of unintentional ingredients is required.

B. Biological, physical and chemical properties.

1.Biological properties including succession, bioactivity, host spectrum,
life history, mode of action, culture methods and conditions,
morphology of colony, growth and storage of the microbe are
required. Whether the microbe will produce toxin(s) or not and the
kinds of toxins produced are also required.

2.Chemical and physical properties data requirements are shown in

table 4.

TABLE 4 Chemical and Physical properties data required for microbial

pesticide registration

Test Substance

Technical grade of the End-use
Property active ingredient product
Color Yes Yes
Physical state Yes Yes
Odor Yes Yes
Density or specific gravity Yes Yes
pH ' Yes Yes
Stability Yes No
Storage Stability Yes Yes
Viscosity No Yes'
Miscibility No Yes?
Corrosion characteristics No Yes’

'Liquid only
*Emulsifiable liquids only

*When packed in metal,plastic or paper containers
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C. Analysis of samples.

1.Analytical method involved: quantitative/qualitative; instruments;
conditions; calculation equations; results of analysis and certified
limits are required.

2 Limits are to be expressed in: (a) units/weight or volume eg. IB, OB/g
or CFU/g; (b) international units of potency per unit weight (c)
weight percent of product. For (a) and (b), biological, genetic,
— biochemical, serological or other appropriate tests may be used.

Safety data requirements. Safety data requirements are listed in Table
5, with the following exceptions:

1.For domestically manufactured microbial pesticides, whose active
ingredient is a naturally occurring microbe of indigenous origin, but
not those that are derived through artificial mutation or genetic
alteration using recombinant DNA technology. Safety data on acute
toxicology/pathology or acute pulmonary toxicology/pathology is
adequate to meet the requirements.

2.For microbial pesticides produced at foreign locations whose active
ingredient is a naturally occurring microbe identified as the same as
an existing indigenous strain by a certified research institute
authority. These safety data requirements are the same as for 1.
above.

— 3.If the following condition applies, then the safety data requirements
shall be exempted: If the product is of the same subspecies as one
that is previously registered, but of a different race, biotype or strain.

Framework and responsibilities. The Council of Agriculture (COA) is
in charge of registration of Bt products. The Technical Committee of
Pesticides (TCP) is organized by the COA and is composed of experts from
several Government agencies and universities. The main responsibility of
this committee is to make recommendations to the Plant Protection Division
(PPD) of the COA on approval or denial of Bt product registrations. The
multidisciplinary members of the Technical Committee of Plant Protection
(TCPP) are all appointed by the Provincial Department of Agriculture and
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TABLE 5. Microbial Pesticides Data Requirements Safety Data Requirements

Kind of New active Ingredient Test Sample Remarks
data
required Food Crop  Non-Food TGAI  EP

Toxicology requirements:

Acute oral tox/path R R Yes No

Acute pulmonary tox/path R R Yes No 4

Acute intravenous tox/path CR CR Yes No 1 -

Acute dermal tox CR CR Yes  Yes 2

Eye irrit/infect R R Yes  Yes

Hypersensitivity incidents CR CR Yes  Yes 3

Cell culture test CR CR Yes No 4
Environmental study requirements:

Aquatic tox R R Yes No 5

Avian tox/path R R Yes No

Nontarget plant path CR CR Yes No 6

Nontarget insect tox/path CR CR Yes No 7

Honeybee tox/path CR CR Yes No 8

R = Required; CR = Conditionally Required; TGAI = Technical Grade of the
Active Ingredient; EP = End-use Product.

Data not required for viral pesticides.
Data not required for Bt products.
Incidents must be reported, if they occur.

Data required for viral pesticides.

SR WD -

Aquatic toxicity data based on the end-use product are required for products
containing ingredients either highly toxic or synergistic.

&

Data required for microbial herbicides.

7. Data required for natural enemies exposed to risk from microbial insecticide
application.

8. Data required for nectar producing plants.
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forestry (PDAF). The responsibilities of this committee are to review field
data, do experimental designs, evaluate pesticide product efficacy and make
recommendations for approval or denial of registrations. The PPD is
responsible for final approval decisions on registrations and certification of
permits. The Tiawan Agricultural Chemicals and Toxic Substances
Research Institute (TACTRI) is appointed by the COA to perform
specification verification including potency determination, efficacy tests and
phytotoxicity tests. This institute is also responsible for preliminary review
of basic data required for registration and making proposal or
recommendation to the TCP. The Taiwan Agricultural Research Institute
(TARI) and District Agricultural Improvement Stations (DAIS) at different
locations in the Country are responsible for field efficacy testing.

Registration. All Bt products to be imported, formulated or for permit
extension have to be registered or reregistered. Applicants must submit
completed application forms accompanied by pertinent documents and
information such as field data, product analysis and safety studies to
relevant authorities for preliminary review. If accepted by TCPP, the
product is then subjected to local experiments including field efficacy and
phytotoxicity tests as well asspecification verification. The field test results
are returned to TCPP and TCP for approval or rejection of field efficacy and
product specification data. Also, decisions are made by TCP to approve or
reject the basic data submitted for registration. Both TCPP and TCP give
information to the PPD for final decision. If passed, the PPD gives the
product a Chinese name and issues a registration permit to the applicant.

Basic techniques developed for Bt regulation in TACTRI
Standardized bioassay protocols were developed for the evaluation of
preparations derived from Bt against P. xylostella and Aedes aegypti and
were adopted by COA as guidelines for registration and regulation of Bt
preparations (4, 3). Both ELISA and SDS-PAGE were developed for
detection of the Bt delta endotoxin. Use of ELISA and SDS-PAGE for
monitoring the Bt endotoxin in conjunction with bioassay were also
examined (12, 13). Such assays could not only be used in fundamental
research and product discovery, but also for regulatory control of Bt
products. However, both ELISA and PAGE tend to overestimate the
potency of Bt as shown in Table 6.
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TABLE 6. Comparison of potency as determined by SDS-PAGE, ELISA and
bioassay for four Bt subsp. kurstaki preparations (12, 13)

Labeled Bioassay' IU/mg Correspondence % Correspondence %
Potency (IU/mg) X +-SD(CV) SDSPAGE/bioassay ELISA/bioassay
WP-C 23,429 +£3,030 123.52 125.77

(28,000) (0.129)

WP-D 15,180 + 1,283 108.5 110.4

(16,000) (0.085) —
WP-E 15,453+ 779 113.13 106.61

(16,000) (0.050)

WP-F 15,307 + 950 109.69 111.64

(16,000) (0.062) 109.69 111.64

"Third-instar larvae of P. xylostella were used for measuring the potency.

The variation between bioassays and chemical assays is due to the failure
of chemical assays to discriminate between damaged and undamaged Bt
crystal toxin (1). Therefore, bioassays are still used in Taiwan for routine
quality check of Bt products. Plasmid profile techniques as well as
physiological and biochemical testing are also established for product
analysis at TACTRI (5, 6). Future emphasis will be focused on the
development of HPLC and flagellar antigen serotyping techniques.
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