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Abstract
In recent years, the growing international trade in agricultural products has motivated farmers to pay close attention to pest quarantine problems and agrochemical residues in foods. Agrochemical residues in agricultural products are a major consumer health concern and can seriously damage trade between countries. The Taiwan government has established a comprehensive system for monitoring agrochemical residues on products. To ensure that chemical residue monitoring becomes a standard and widespread practice and that the results are sufficiently representative, AFA, TACTRI and various corresponding offices in city and county governments now routinely conduct annual consultations to plan for crop types, areas, sample numbers and division of sampling work. To ensure international trade and consumer’ safety, TACTRI must continuously inspect for pesticide residues and heavy metals in agro-products. Further, TACTRI must continue to implement modern detection methods comparable to those of other developed countries.
As the general public has become more concerned than before about environmental conservations, attention has been paid to the use of chemical pesticides especially the effect of their residue. Integrated pest management (IPM) has been regarded as an important approach to reduce the application of the agrochemicals, and non-pesticide control method is one of the principle components of the IPM. In recent years, development of non-pesticide measures has obtained some successful achievements those are now being adopted for agricultural production in various countries.  To follow the global trend, our government has set the development and implementation of non-pesticide control an aim to safeguard our agriculture production and to protect our environment in the 21st century. As we have gained accession to the WTO in January, 2002, it is important for us to strengthen our competitiveness in agricultural production and international agricultural trade. The extensive application of IPM including non-pesticide-based crop protection methods will not only help to reduce the consumption of chemical pesticides but also produce agricultural products in terms of safe food, hence promote their competitiveness with those imported products.
To fulfill the strategy of entering new niche market, Taiwan has continuously developing new low dose alternatives to above mentioned treatments and expecting to shorten treatment time, increase pest eradication efficiency, and keep fruit quality or its self life, increasing the competition abilities worldwide as well.
PART1：

Establishment of maximum residue levels of agro-pesticides and regulation of pesticide usage in Taiwan
Introduction
The concerns for the fruits and vegetables safety in both developed and developing countries have been rising. The Asian region face unprecedented challenges causing from the globalization food trading and changes in food consumption patterns etc. Meanwhile, international trade in agricultural products has expanded rapidly worldwide, The most vital challenge could be the strengthening of food safety standards and technical regulations, especially the agro-agro-pesticides residue issues is not only an important role for the international trading, but also an critical point for the competitions with other countries. To ensure the agro-production safety, countries from all over the world have been establishing and strengthening the agro-agro-pesticides Maximum Residue Limits (MRLs) standards and enforcing the importing agro-production inspection measures, This article will include the agro-agro-pesticides registration and its MRLs establishment in Taiwan, and it will explain the governmental effort that makes the exporting agro-productions safety.
Chemical pesticides have long been regarded as the most convenient and effective materials for the control of plant diseases and pests. According to the data of 1995, the pesticides used in agriculture all over the world cost about 6.1 billion US dollars. Although the use of pesticides is unavoidable, such a high amount of consumption not only wasted money but also caused a lot of problems including chemical residue in foods, environmental pollution and adverse effects on ecosystem. Therefore, developing and applying non-pesticide methods as alternative to chemical control of plant diseases and pests has become global trend. Located in subtropical area, Taiwan has warm and humid climate that is suitable for the occurrence of plant diseases and insect pests. Farmers in Taiwan are used to controlling diseases and pests with pesticides.
Agro-pesticide Registration Management
In Taiwan, the sale of commercial agro-pesticides started in 1949. The Taiwan Agro-pesticide Advisory Committee was established in 1959 to evaluate the pesticide registration process. Agro-pesticide Management Act in Taiwan has been revised six times since it was promulgated and implemented in 1972. The final revise is just on 18 July, 2007. This Act is enacted to protect agricultural production and ecological environment, prevent and eliminate pests, prevent hazards from agro-agro-pesticides, strengthen agro-pesticide administration, promote the development of agro-pesticide industry, and enhance the safety of agricultural products. Agro-pesticide in Taiwan had been registered by Council of Agriculture (COA) till December 31 2003. Since 2004 Bureau of Animal and Plant Health Inspection and Quarantine (BAPHIQ) take responsible to the task of Agro-pesticide Management. 

Agro-pesticide Management Act states that Agro-agro-pesticides shall not be manufactured, processed, or imported without having passed the examination of, approval for registration with, and obtained a permit from the central competent authority (BAPHIQ). Before the agro-pesticide manufacturers and dealers apply for approval of registration for formulated agro-pesticides, the agro-pesticides shall pass the tests according to the standard specifications for agro-pesticides prescribed by the central competent authority, and pass the examination of the data of physicochemical property test, toxicity test and field test. An agro-pesticide permit shall be valid for five years according to the Agro-pesticide Management Act. BAPHIQ also take responsibility to issuance, re-issuance, exchange, extension, and alteration of the registered affairs of agro-pesticide permit. BAPHIQ may perform safety assessment over the registered agro-pesticides; if an agro-pesticide endangers the health of human body or pollutes the environment, restrict the use or its scope of application according to the actual necessity; or declare it to be banned agro-pesticides and abolish the agro-pesticide permit. 

 TACTRI is authorized by COA to perform residue analysis, quality specification analysis, toxicology evaluation and risk assessment for registration of new agro-pesticides. Agro-pesticides are prohibited from without government certification that all necessary data on their effectiveness, physical and chemical properties and residue MRLs have been evaluated under local environmental conditions and deemed satisfactory. The number of applications for pesticide registration is 60-80 every year. The TACTRI is responsible for analyzing residues, evaluating their safety and making the necessary registration recommendations. Figure 1. shows the procedure for registering a pesticide. 
Agro-pesticide MRLs establishment in Taiwan

Food safety is an important issue worldwide, and national authorities have the important responsibility of ensuring the safety of the food supply. Generally speaking, the Council of Agriculture (COA) ensures adequacy of food supplies whereas the Department of Health (DOH) ensures that food is safe for human consumption. As far as MRLs establishment in Taiwan concerned, there are two ways to approach. The first one is from the process of agro-agro-pesticides registration datas. Starting in 1974, TACTRI conducted supervised trials in cooperation with other field test institutes. The pre-harvest intervals (PHI) recommended by TACTRI were based on a comparison of residue data from supervised trials with established MRLs for the pesticide. To ensure the safety of pesticide residues in edible crops, MRLs levels of agro-pesticides for each group of crops were established based on (1) actual residues found in crops after using the recommended concentrations of agro-pesticides, (2) values of acceptable daily intake (ADI) of the agro-pesticides, (3) average daily consumption of each group of crops. The maximum permissible intake (MPI) of a pesticide exposure was calculated from the ADI, and all crops were classified into twenty groups in Taiwan.
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Fig.1. Pesticide Registration procedures in Taiwan
The MRLs were determined for each group of crops in accordance with actual residues at harvest time. However, the total amount of MRLs of a pesticide in the crop groups for which a pesticide had been registered were not permitted to exceed the MPI value. After the evaluation COA recommends pesticide MRLs to the DOH by evaluating residue data in supervised trials and ADI values of agro-pesticides. As of September, 2007, 391 agro-pesticides have been registered for use in Taiwan, and the Department of Health has issued 1,357 MRLs standards on 310 agro-pesticides on various edible crops. Except these standards, the rest agro-pesticides are non-detectable. Secondly, agro-pesticide business can also apply to DOH for setting MRLs. They should prepare all the information (residue chemistry data, product chemistry data, metabolism in plants and animals, residue field trial data, residue analytical methods, processing data, feeding studies, full package of toxicological studies) to be evaluated by DOH. All the MRLs standards are applied for domestic and imported fruits and vegetables. 
As the above was saying, Taiwan government do strictly exam the agro-agro-pesticides registration procedure, as well as its MRLs establishment. Because of the kinds of pest, geographical environment, the diet habit of different country etc, the MRLs could vary between countries. Sometimes the difference of the MRLs standards could cause agro-production trade problems between countries. It is not necessarily about food safety but trade barrier. Take Taiwan mango that export to Japan for example, it has to meet Taiwan and Japan agro-pesticides MRLs standards then it can export to Japan smoothly.        
Agro-agro-pesticides Inspection – Education Program in Taiwan
In recent years, consumers have begun to question whether the food they consume contains pesticide residues. To ensure the safety of food supplies, agro-pesticide residue surveys and residue evaluation procedures are needed. National authorities control pesticide hazards by setting food safety standards, generating guidelines to prevent food contamination and monitoring agro-pesticide residues in food to protect human health. Before a pesticide can be registered for use in a food product or feed crop, a residual MRLs level for the pesticide must be established.  MRLs is the legal maximum residue concentration of a pesticide chemical allowed in the national food supply. The MRLs should be set high enough to cover registered use while meeting safety requirements. Pesticide residue data and crop consumption data are necessary to establish the maximum residue limits. To estimate dietary exposure to pesticide residues, an inspection monitoring program including surveillance monitoring and compliance monitoring has been established. The residues in food commodities are surveyed regularly for enforcement purposes by comparing the residues with national MRLs governed by the Food Hygiene Law.
In Taiwan, pests are a continuing problem due to its subtropical location. Pesticide application patterns may vary widely from area to area because of the small size of the typical farm and the diversity of crops. More than eighty vegetable crops and fifty fruit crops are grown in Taiwan, and each farmer owns an average of 0.5-ha land. Basically, Agro-pesticide Management Act in Taiwan states that users of agro-pesticide shall use those approved by the central competent authority (BAPHIQ), and for the safety of human health, environmental protection and ecological conservation, BAPHIQ shall establish regulations governing the use of agro-pesticides, selective inspection of agro-pesticides residual in agricultural products and other relevant matters. The “Inspection-Education Program” was initiated in 1989 to enforce pesticide MRLs regulations and educate farmers in pesticide use to ensure the safety of agro-products (Fig. 2, as below). 
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Fig. 2 Inspection-Education Residue Control System
The government program for training, residue analysis and enforcement of pesticide regulations, has successfully reduced pesticide residues in agricultural commodities. The program involves personnel from local governments, area District Agricultural Improvement Stations (DAIS) and Taiwan Agricultural Chemicals and Toxic Substances Research Institute (TACTRI). TACTRI inspectors are responsible for field sampling of fruits and vegetables during the harvest season, analyzing pesticide residues by multi-residue analysis method and forwarding the results to the local government and DAIS. When a sample is found to contain pesticide residue above MRLs levels, they are immediately disqualified and placed under the control of the governing county or city government, which is then tasked with ensuring that farmers delay the harvest, implementing and tracking education and counseling, referring farmers to disciplinary classes, recording interviews with the farmers, requesting them to sign an affidavit, continuing random checks and imposing fines of NT$15,000-75,000 in accordance with the law. The COA publicly announces the disqualified farmers monthly to prevent the marketing of substandard fruits and vegetables. The intent is to control the source of the product. As a follow-up measure to the education program, plant protection experts from DAIS visit and advise farmers in improving plant protection techniques. This program yields more than 10,000 samples annually. The program has significantly reduced residue problems in vegetable and fruits. For example, the percentage of substandard samples was reduced from 28.6% in 1986 to 3.2% in 2004 (Fig.3). 
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Fig.3 The percentage of samples violated the MRLs law before and after Inspection-Education Program

Conclusion

In recent years, the growing international trade in agricultural products has motivated farmers to pay close attention to pest quarantine problems and agrochemical residues in foods. Agrochemical residues in agricultural products are a major consumer health concern and can seriously damage trade between countries. The Taiwan government has established a comprehensive system for monitoring agrochemical residues on products. To ensure that chemical residue monitoring becomes a standard and widespread practice and that the results are sufficiently representative, AFA, TACTRI and various corresponding offices in city and county governments now routinely conduct annual consultations to plan for crop types, areas, sample numbers and division of sampling work. To ensure international trade and consumer’ safety, TACTRI must continuously inspect for pesticide residues and heavy metals in agro-products. Further, TACTRI must continue to implement modern detection methods comparable to those of other developed countries. 
PART2：
Non-Pesticide Control of Insect Pests

Use of natural enemies
In Taiwan, natural enemies of plant insect pests have been used for biological control since early 20th century.  Starting from 1947, an indigenous parasitic wasp, Trichogramma chilonis, has been studied for its effectiveness of controlling gray borer, stalk borer and shoot borer of sugarcane and been extensively released since 1972 to sugarcane fields resulting in successful control.  However, extensive studies on biological control had not been common until early 1970’s due to the prevalence of chemical control.  Natural enemies that interest Taiwanese researchers, especially those who work at Agricultural Research Institute (TARI), include exotic and indigenous ones in terms of their origin.  Many kinds of exotic natural enemies have been introduced into Taiwan and tested for their effectiveness of controlling domestic insect pests.  Some of them performed well as control agents, whereas some of them failed to establish.  In recent years, the natural enemies that have commonly been studied and applied in Taiwan included parasitic wasps, predatory mites, green lacewing, and flower bugs. Some of them have been extensively applied with satisfactory results and some of them are still limited to small-scale field trials.

An indigenous parasitic wasp, Trichogramma ostrinae, has been used as a biological agent to control Asian corn borer (Ostrinia furnacalis), the most important insect pest of corn in Taiwan, since 1984. So far, it has been applied to a total of 200,000 hectares of corn resulting in a considerable success in terms of effect on direct control of the pest and significant reduction of the use of pesticides.  Green lacewing (Mallada basalis) is an indigenous predatory natural enemy of several kinds of plant insect pests including spider mites, whiteflies, leafminers, thrips, and aphids. Successful control of those pests using the larvae of the green lacewing was achieved on citrus, muskmelon, papaya, jujube, and strawberry in screen houses and in the open fields as well.  Another green lacewing, Chrysopa boninensis, is a polyphagous predator.  Larvae are known to feed on a wide variety of small, soft-bodied insects such as aphids, scales insects, mealybugs, plant lices, spider mites, and on eggs and small larvae of a number of lepidopteran insects. Chrysopa was thus chosen as an agent for citrus red mite control.  A preliminary experiment was conducted in a citrus grove.  An indigenous predatory flower bug, Orius strigicollis, had proved to be a good predator of small insects, such as thrips, and spider mites in Taiwan.  Large number of Orius flower bug can be propagated under constant temperature and photoperiod conditions with bean (Glycine max) sprouts as food and ovipositional substrate and flour moth (Ephestia cautella) eggs as prey.

Use of sex pheromones

In order to enhance the application of non-pesticide method in the field, our government has financed the researches and extension of using sex pheromones for controlling the insect pests on many crops since 1983.  The kinds being promoted included sex pheromones of tobacco cutworm (Spodoptera litura), beet army worm (Spodoptera exigua), sweet potato weevil (Cylas formicarius), carambola fruit borer (Eucosma notanthes), smaller tea tortrix (Adoxophyes sp.), rice stem borer (Chilo suppressalis), tomato fruitworm (Helicoverpa armigera), turnip moth (Euxoa segetis), Asian corn borer (Ostrinia furnacalis), and cabbage looper (Trichoplusia ni). Different kinds of sex pheromones were applied to crucifer, shallot, peanut, soybean, flowers, sweet potato, corn, carambola and tea, respectively.  In practice, they were used mainly to monitor or mass trap the target insect pests and occasionally to disrupt mating.  Among them, the sex pheromone of sweet potato weevil has been most extensively applied in the fields.  A funnel-shaped bottle suitable for trapping sweet potato weevil was invented and patented.

Other non-pesticide methods

Attracting and killing by using materials other than pheromones has also been extended in Taiwan.  Oriental fruit fly (Bactrocera dorsalis) has always been a serious problem on several kinds of fruits.  Different approaches to controlling Oriental fruit fly had been compared and using sugarcane-fiber plate absorbed with methyl eugenol (95%) and Naled (5%) for attracting and killing was found to be the most effective and convenient method.  Subsidized by the government, this method has been applied to about 580,000 hectares of orchards and groves since 1998. Melon-fly (Dacus cucurbitae) has long been the key pest of cucurbits.  Cuelure 4-(p-acetoxyphenyl-2-butanone+methyl eugenol) mixed with insecticides has been recommended for attracting and killing and commonly adopted by the farmers .

Pathogenic microbes including bacteria, viruses, and nematodes are regarded as promising biocontrol agents of insect pests.  However, Bacillus thuringiensis has been the only microbe commonly used in Taiwan so far.  It was first officially recommended to control diamond-back moth and then Asian corn borer.  Further studies showed that when mixed with fried rice bran, its efficacy of controlling Asian corn borer was significantly improved.

Non-Pesticide Control of Plant Diseases
Physical control

Physical methods that are commonly used in Taiwan to prevent weeds, diseases or insect pests.  For planting papaya, seedlings free from Papaya ringspot virus (PRSV), the limiting factor of papaya production in Taiwan, are planted in screen houses that prevent aphids, the transmission vectors of PRSV, from entering.  The soil is covered with plastic sheets that prevent the growing of weeds.  Mulching of soil with plastic sheets is also commonly adopted by the growers to cultivate many kinds of crops such as watermelon, muskmelon, cucumber, tomato, eggplant, pepper, strawberry, and etc.

Recently, plant disease control by steam sterilization was used in planting high-value horticultural crops in Taiwan.  Soils and cultural composts contaminated with plant pathogens were sterilized by the injection of steam (60-80℃ for 30 min). Plant diseases, such as lily yellowing disease (Fusarium oxysporum f. sp. lilii, Rhizoctonia solani), bacterial wilt of lisianthus (Ralstonia solanacearum), southern blight of ornamentals (Sclerotium rolfsii) etc., were controlled significantly by steam sterilization.

Use of pathogen-free propagating materials

Since seeds and seedlings are the starting materials for the production of crops and might be the carriers of pathogens and pests, the use of healthy seeds and seedlings is one of the most important strategies for non-pesticide controlling methods in many countries.  By using healthy seeds and seedlings, the crop productivity and quality can be increased and improved.

It is expected that the implementation of the voluntary seed and seedling certification system will significantly enhance the quality of seeds and seedlings of related crops and subsequently promote the competitiveness of Taiwan’s agriculture. 

Other non-pesticide control methods of plant disease such as antagonistic bacteria, antagonistic fungi, soil amendments, formulated plant extracts, and resistant rootstock, and genetic engineering are also commonly use in Taiwan.

Conclusion

As the general public has become more concerned than before about environmental conservations, attention has been paid to the use of chemical pesticides especially the effect of their residue.  Integrated pest management (IPM) has been regarded as an important approach to reduce the application of the agrochemicals, and non-pesticide control method is one of the principle components of the IPM.  In recent years, development of non-pesticide measures has obtained some successful achievements those are now being adopted for agricultural production in various countries.  To follow the global trend, our government has set the development and implementation of non-pesticide control an aim to safeguard our agriculture production and to protect our environment in the 21st century.  As we have gained accession to the WTO in January, 2002, it is important for us to strengthen our competitiveness in agricultural production and international agricultural trade.  The extensive application of IPM including non-pesticide-based crop protection methods will not only help to reduce the consumption of chemical pesticides but also produce agricultural products in terms of safe food, hence promote their competitiveness with those imported products.

PART3：
Quarantine Treatments for Taiwan’s Fruits Exporting to Other Countries

Introduction

As world trade in agriculture grows rapidly, the risk of introducing exotic pests or diseases into new areas is increasing.  The establishment of new pests or diseases can be costly due to increased crop damage, control programs, and quarantine restrictions on international trade.  Therefore, quarantine treatments taken for exporting agricultural commodities to prevent introducing pests into new areas became one of the effective and efficient measures accepted by most of the trading partners.

Taiwan is the infested area of oriental fruit fly (Dacus dorsalis) and melon fruit fly (Bactrocera. cucurbitae).  Many fresh fruits produced in Taiwan are prohibited entry into the United States, Japan, Korea, Australia, New Zealand, Chile and some other countries.  In order to create new market accesses, Taiwan has been developing some effective quarantine treatment techniques for fresh fruits. 

The EDB (Ethylene dibromide) dipping method for Taiwan’s citrus exporting to Japan was developed in 1969, and then it was transferred to fumigation method in 1979.  In 1983, the United States Environmental Protection Agency (EPA) announced that the EDB being considered as a carcinogenic substance for human beings, and then the Japanese Government phased out the use of EDB on imported fresh fruits from Taiwan.  Therefore, Taiwan worked very hard to develop alternatives instead of the previous chemical treatment to eliminate oriental fruit fly or melon fruit fly in fresh fruits.  The alternatives include vapor heat treatment (VHT), cold treatment, and a combination of vapor heat and cold treatment applying to fresh citrus, litchi, carambola, mango, grape and so on.
Key factors to the improvement for quarantine treatment technique

Traditionally, quarantine treatments were developed for a single pest on a single commodity.  Treatment development involved finding a balance between killing the pest and minimizing the adverse effects of the treatment process on commodity quality.  Most quarantine treatments for fresh commodities have been developed against internally feeding pests such as oriental fruit fly and melon fruit fly because commodities infested by this type of pest are difficult to identify by visual inspection. 
Inoculation test

The relationship between the host and the pest, artificial feeding method of the pest, and inoculation method are key factors to developing a successful quarantine treatment technique.  The correlation between infestation period of pest and fruit maturity is related to the necessary for quarantine treatment.  For example, green banana fruit is not necessarily treated for elimination of oriental fruit fly prior to export to Japan.  In addition, using pest eggs artificially injected instead of forcing female adult to lay eggs into fruit solves the problem that there are not enough pest individuals to meet the efficacy of 30,000 individuals at tested life stage for Japan.

Susceptibility comparison of key pest at different life stages
The susceptibility to quarantine treatment conditions of key pest differs from life stages.  The main purpose of comparison test is to select the most tolerant life stage as the efficacy index. 

Small scale test
Quantitative methods have been developed to calculate the number of test insects and confidence limits for other levels of precision and treatment efficacy, with and without survivors.  Dose-response testing is used to predict the treatment intensity for large-scale testing.  During dose-response testing, the normal practice is to estimate treatment response after correcting for control mortality, assuming control mortality is within an acceptable range.  Adjustment to treatment conditions to avoid the damage to fruit quality and low efficacy in large-scale testing. 

Large scale test
Post harvest commodity treatments for pests requiring a high degree of quarantine security are commonly called probit 9 treatments refer to the USDA regulation, using 99.9968% efficacy as the basis for approving many quarantine treatments, particularly for fruit flies (Tephritidae).  A probit 9 treatment usually provides adequate quarantine security, and developing the treatment frequently proves to be the quickest and most easily accepted method for overcoming phytosanitary restrictions.  For instance, Japan requires 30,000 individuals in three or four trials, New Zealand requires three replicates of 10,000 test insects, and Australia accepts 30,000 treated insects with no survivors.
Fruit quality
The damage test using to evaluate the impact on fruit quality caused from treatment duration and temperature includes appearance, weigh, brix, acidity, hardness, and fruit drop percentage comparing with the treated and untreated fruit.     In addition to above factors, the simplicity of the technique or the commercial operating model shall be taken into consideration.

The quarantine treatments for exporting Taiwan’s fresh fruits to 
foreign countries
In 1988, Japan announced that Taiwan could export ponkan, mango, and litchi after treated with cold treatment (1℃ for 12 days), vapor heat treatment (46.5 for 30 minutes), as well as a combination of vapor heat treatment and cold treatment respectively.  Litchi fruit must be treated at or above 46.2ºC (fruit pulp temperature) for a minimum of 20 minutes, cooled at 2 within 6 hours and treated for a minimum of 42 hours.  In 1997 and 1999, Japan accepted the treatment technique for grape and pomelo produced in Taiwan to be exported to Japan under cold treatment (1℃ for 12 days) prior to shipment.   In 2004, the fresh papaya were permitted to entry into Japan under vapor heat treatment (once reaching 47.2℃, cooling down to 30℃). 
In 1994, 1995 and 1996, Korea lifted the ban on Taiwan’s ponkan, litchi and mango to export to Korea under quarantine treatment techniques such as a combination of vapor heat treatment and cold treatment, cold treatment, and vapor heat treatment, respectively. 
In 1992, Taiwan’s mangoes after being treated with vapor heat are allowed to export to the United States.  Cold treatments for carambola and litchi were also accepted by the US in 1994 and 1995.  Chile, New Zealand and Australia opened their markets for Taiwan’s mangoes after being treated with vapor heat in 2006 and 2007 as well.  The progress in extending export markets for Taiwan’s fresh fruits is significant.

Conclusion

To fulfill the strategy of entering new niche market, Taiwan has continuously developing new low dose alternatives to above mentioned treatments and expecting to shorten treatment time, increase pest eradication efficiency, and keep fruit quality or its self life, increasing the competition abilities worldwide as well.
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