天敵在國內外有機農業害蟲防治上的利用
The Utilization of Natural Enemies for the Control of Insect
Pests at Organic Farming in Taiwan and other Countries
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利用天敵來防治害蟲的生物防治在古老的中國就已經被使用，由於農藥之
使用所引起的農藥殘留、抗藥性、環境污染及危害野生動物等的副作用和環境問
題，因此利用天敵防治害蟲更扮演重要的角色。現代害蟲的管理方式則以使用最
少量的農藥達到安全有效的目的，因此藉由害蟲的生態知識、天敵的保育、飼育
及釋放，結合各種防治方法而溶入作物管理系統而壓制害蟲於經濟為害界限之下
則勢在必行。近年來更由於生態保育時代的來臨，且生物防治具有高生態選擇性
的特性，亦與其他防治方法具相容性，因此天敵在生物防治上的利用成為最重要
的項目。本文僅就我國往昔及目前天敵研發及利用情形，再就國外天敵利用情形
提出報告，因此藉由瞭解國外天敵大量繁殖技術之研發，比較臺灣與國外天敵繁
殖及利用、天敵釋放技術及防治效益，並以此作為我國生物防治工作之依據，建
立多元化之防治技術，以整合性防治技術。

Introduction
The adverse effects such as phytotoxicity, pesticide resistance and residual
problem that resulted from the application of agricultural chemicals induced the
emphasis of biological control in agricultural performance. However the large-scale
research and application of bio-controlworks is a recent case. Biological control of
insect pests mainly utilized the predacious and parasitic natural enemies, and played
an essential role in ecological conservation. Natural enemies included predatory and
parasitic insects, micro-organisms and the other animals such as mammals, birds,
spiders, etc. The utilization of predators, can be traced to as early as AD 304, when
Chinese used the red ants (Oecophylla smaragdina) to control citrus stinkbug, the
world's first instance of utilization of natural enemies for the control of insect pests.
The most famous and successive example in modern time is the introduce of the
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Australian ladybird (Rodolia cardinalis) from Australia to California in 1888 to
control the cottony aphid (Icerya purchasi). The Australian ladybird was also imported
to Taiwan in 1905 and successively suppressed the cottony aphid, the first case of
successful biological control in Asia. To unite the global biocontrol workers and to
enhance the research and extension works on biological control and/or integrated
control, the International Organization of Biological Control (IOBC) was established
in 1956. There are over a hundred companies selling natural enemies in the bio-control
market around the world. Natural enemies have accumulated substantial research
and promotion energy in biological control. This article, presents and discusses the
utilization of natural enemies in Taiwan and that in the world to provide references for
organic farming.

Natural enemy resources in Taiwan
Natural enemies can be divided into predatory and parasitic groups. Predators
include dragonflies, mantis, stink bugs, lacewings, insect-eating flies, hover flies,
beetles, ladybugs, ants and wasps, etc., among which ladybugs, lacewings, praying
mantis, stink bugs and predacious mites, etc. are more frequently utilized. Parasitoids
mainly include parasitic wasps and parasitic flies, such as the Ichneumonidae and
Braconidae. For the vertebrates, there are a variety of fishes, amphibians, reptiles,
birds and mammals feed on insects. The birds play a major role in eradicate pests,
followed by amphibians, fishes, reptiles, and the insectivores and chiropterans of
mammals. Pathogenic microorganisms include bacteria, fungi, viruses, nematodes,
protozoa, etc. Vertebrates and microbes are not included in this article.
The major natural enemies in the paddy field, corn, vegetables, fruit trees, tea,
mulberry had been surveyed during 1960's-1990's (Lo and Chen, 1995). Twenty five
species of natural enemies were found from rice pests, 18 species from maize pests,
100 species from vegetables pests, 13 species from longan pests, 28 species from
mango pests, 20 species from lichi pests, 8 species from carambola pests, 9 species
from pear pests, 40 species from tea pests. Furthermore, 20 species or more of natural
enemies were found from whiteflies. Totally, more than 476 species of natural enemies
were recorded. In addition, 23 species of natural enemies were introduced to Taiwan
by academic and research institutions in the past 20 years. This does not include the 17
species of natural enemies introduced by Taiwan Sugar Research Institute.
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Major applications of natural enemies in Taiwan in the past
1. Australian ladybird (Rodolia cardinalis)
Australian ladybird was introduced from New Zealand for the control of Icerya
purchasi in 1909.
2. Cryptolaemus montrouzieri
This ladybug has been commercially produced in USA. for 80-years, it was
introduced to Taiwan from New Zealand, mainly to control the mealybugs, and also
other closely related scale insect species.
3. Synonycha grandis
The local ladybug Synonycha grandis was released for the control of sugarcane
cotton aphids, Ceratovacuna lanigera with good results.
4. Tamarixia radiata
This parasitoid has been introduced from the Reunion in 1983 for the control of the
citrus psylla with significant control effect.
5. Whitefly parasitoids
Taiwan Agriculture Research Institute introduced the parasitic wasp Encarsia
haitiensis and E. quadelopupae from Hawaii in 1995 to control spiraling whitefly,
Aleurodius disperses, and also mass-produced the parasitoid, Erectocerus orientalis,
to control silverleaf whitefly, Bemisia argentifoli. Recently over 80 species of
parasitoids that parasitic on whiteflies were investigated.
6. Tetrastichus brontispae
Tetrastichus brontispae has been introduced from Guam to control coconut leaf
beetle, Brontispa longissima, in 1983 and suppressed the population of the beetle
successfully (Chiu et al, 1985).
7. Borer parasitoids
The natural enemies of corn borer are mainly egg parasitoids, such as Trichogramma
chilonis, T. ostriniae and T. toidea sp., and the parasitizing effect of T. ostriniae was
the best one.

Recent applications of natural enemy in Taiwan
1. Predatory stink bug, Eocanthecona furcellata
The richness of the species of stink bug, Pentatomidae, is clearly proved by the
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existence of over 5,000 recorded species in the world. The predatory stink bug,
Eocanthecona furcellata (Wolff), plays important role in ecosystem. This bug
can be commonly found on horticultural plants preying on various lepidopterous
insect pests, such as Pieris rapae crucivora, Spodoptera litura, Plutella xylostella,
Spodoptera exigua, etc. in Taiwan. It will also attack other lepidopterans and
coleopterans on vegetables, fruits, ornaments and many other crops grown in
outdoors, gardens, greenhouses and the other areas (Chang, 2002; Chang, 2004;
Chang and Hsieh, 2001).
2. Lacewing
Eggs or larvae of the lacewing, Mallada basalis, were released in the field to control
the insect and mite pests on organic fruits and vegetables in recent years, and to
control the other small pests at various crops, including the papaya, sponge gourd,
strawberry, jujube, pear, citrus, vegetables, rose, chrysanthemum (Chang, 1997;
Chang, 2000a; Chang and Hwang, 1995; Chang and Hsieh, 2005; Chang et al,
1997).
3. Ladybird
Ladybirds were used to prey on aphids, mealybugs, thrips, leaf miners and other
pests (Chang, 2000b; Chang, 2005a; 2005b).
4. The mantis Hierodula patellifera
This mantis is a large predator. Its preys including locusts, flies, mosquitoes and
moths, etc. This natural enemy has been used to control locusts in organic cultured
sweet potato. The knowhow of the mass production of this mantis has been
transferred to farmers (Chang, 2000b; Chang, 2005a; 2005b).
5. The stinkbugs, Orius sauteri
This natural enemy has been utilized to control thrips. Preliminary release has been
made in the field with significant control effect (Chang, 2000b).
6. Parasitoids of the oriental fruit fly
The oriental fruit fly, Bactrocera dorsalis Hendel, is the most important insect
pest that commonly found on horticultural plants in Taiwan.The conventional
control technique applied for this pest is the annihinate-male measure. The mass
propagation system of pupal parasitoid, Dirhinus giffardii Silvestri, of this fruit fly
was established and utilized (Hwang and Chang, 2002; Hwang, 1998).
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Application of natural enemies in foreign countries
Biological control industry
The economic value generated by biological control works was approximately
500 billion US dollars annually over the world. Although this is only an estimated
value, it provided a basis on the extent, ca. over 90%, of how biological control
reduced the damages caused by insect, mite, pathogen and weed pests. Besides the
intensive agricultural operations causes a rapid turnover of the biological diversity.
This loss of biodiversity could be avoided by the implementation of biological control.
The successful implementation of biological control could make the pest population
density decreased 99.9%. There are 14 successful biological control programs in
Australia over the past centenary. These programs invested only US$ 2.5 million
but produced an annual benefit of US$ 58 millions in average. Although the real
value of biological control has been confirmed in many projects, but the social and
environmental benefits of biological control has rarely been quantified, including
the enhancement of the creativity and care through the successful biological control
works, or the indirect benefits from biological control. An example of the later is, the
green projects of New Zealand involved 50 vineyards for the biological control of leaf
rollers. These plans were promoted finally to be the world's first vineyard biodiversity
approach. In contrast, cost of pesticides in the United States has reached to $US 9
billion for each year. Farmers invest one dollar to get the benefit of four dollars. These
benefits are considered to have masked the losses caused by pesticides to society. The
use of pesticides caused an estimated, at least $US one billion damage to environment
and society. Although pesticides are valuable for agriculture, it also caused serious
harms. The question has been asked. Are there effective non-pesticide control measure
can take over, if pesticides are abandoned? A 5% of food losses is quoted.
While there are many successful biological control cases, there are also
unsuccessful ones. The introduction of natural enemies has high failure rate. In a few
cases, the introduced natural enemies attacked and reduce the population of beneficial
insect or non-target insect. The sugar cane toad was introduced to Queensland,
Australia to control sugar cane pests. It turned over to be an annoying pest and
dispersed quickly to most areas of Australia. Two parasitoid wasps were used to
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control the imported cabbage worm. One was introduced from New Zealand, the other
one was domestic. Both of them parasite Papillion butterflies and are considered to be
the reasons of reduction of the butterflies population in New Zealand.

Biological control in Netherlands
The subjects of natural enemy researches in the Netherlands include predation
behavior, genetic variation, population dynamics, evolution strategy, interaction
between carnivorous insects and host plant, biological control of agricultural and
medical pests, integration of the mechanisms of host plant resistance and biological
control, genetic variation of the searching behavior of natural enemies, adaptation of
parasitoids to the spatial distribution and feeding strategy of hosts, etc.
A.Biological control of spider mites
Pest-resistant plants is utilized for biological control. Projects on the function of
herbivorous insects and natural enemies in the ecosystem of sustainable agriculture
are developed to enhance to biodiversity in sustainable crop protection. These
projects combined scientists in systematic biology and population biology and
focused on the prevention of mite pests. Another large, cross-disciplines project
researches the genetic variation of phytoseiid mites.
B.Biological control of the whitefly
Biological survey of the field distribution of natural enemies, e.g. parasitoids and the
other natural enemies, of whitefly was progressing. Comparisons on the influence
of feeding on host plants or nectar to the longevity and fecundity of whitefly, the
influence of the distribution and density of whitefly to the fecundity and longevity
of parasitoids were studied. Simulation model are used to assess the different
ecological impacts to the population dynamics of whitefly and parasitoid also to
predict the occurrence of whitefly to be the basis of biological control.
C.Biological control of greenhouse pests
Phytoseid mites and Orius sp. are applied to control the thrips, and the aphids are
controlled by lacewings. Pests in the facilities are controlled effectively by natural
enemies in the Netherlands. For example, Koppert Biological Systems provided
different control combinations for different pests, such as using Amblyseius
cucumeris and Orius to control thrips, parasitoids Encarsia formosa to control
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whitefly, Phytoseiulus persimilis to control spider mites, parasitoid Diglyphus isaea
to control leaf miner and the parasitoid Aphidius matricariea to control aphids.
D.Natural enemy Companies
Two biocontrol companies, Syngenta Bioline and Koppert Biological Systems in
Netherlands, produce, package, store and sale natural enemies and counseling
farmers. The two companies offer different natural enemies packages and formulas
for the prevention and control of insect pests and mite pests for flowers, tomatoes,
peppers, eggplant, cucumber and various crops. These are summarized as follows.
1. Syngenta Bioline Company
The integrated management of Syngenta Bioline Company has three major axis,
namely, integrated farm management (IFM), integrated crop management (ICM)
and integrated pest management (IPM). Release of phytoseid mite, Amyblyseius
cucumerias, at low density of thrips can give effective control. The density of the
thrips are detected by pheromone trap. Phytoseiid mites are released immediately
after thrips density reached injury level. Syngenta Bioline has many branches in
the Netherlands. In the coastal Haven Hoek van Holland area, the crops guided by
the company composed of 70% of flower and 30% of green peppers and tomatoes.
Taking the three greenhouse flower farms, Uffelen, R. Mooijman and Scholtes
as examples, Syngenta Bioline provides different packages of Phytoseiulus
persimilis to be released against different densities of spider mites. The whitefly
and leaf miner infesting gerbera. Mooijman farm are controlled by the released
of Phytoseilus persimilis. For the rose in Scholtes farm Orius sp., Amblyseius
cucumeris, and Amblyseius swirsuil were released to control thrips. The cost of
pest control with natural enemiesis is NT$10 per square meter.
2. Koppert Biological Systems Company
Koppert Biological Systems developed and utilized various natural enemies
for pests control, and a variety of bumble bees for crops pollination. These
biological control methods were widely used in vegetables, flowers, potted
plants, greenhouse plants, seedlings, flower bulbs, mushrooms and fruits
production. Apart from counseling the producers using natural enemies to
control pests, the company also combines with integrated control management
and bumble bee pollination. To strengthen the efficient use of natural enemies
and bumble bee pollination by the producers, the company developed a series of
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biological control agents and provides fast and convenient consulting services.
Therefore this company keeps on to develop and to improve the mass production
of natural enemies and pollinators. The company emphasizes the integrated
pest management system, and continuously improve the production, package,
transportation of natural enemies and pest monitoring.

Biological control in New Zealand
Nine predators and fifteen parasitoids were introduced to control the pests
of fruit trees, e.g. gall fly, mites, aphids, mealybug, whitefly, termite, slugs, stink
bugs in New Zealand in 1888. At present, there are 135 species of predatory and
parasitic natural enemies among which 19 native species accounted for 14%, 116
exotic species accounted for 86%. The ratio of predatory to parasitic natural enemies
was 40% to 60%. Currently, there are four invaded social wasp species, including
the Australian paper wasp Polistes humilis, the German wasp Vespula germanica,
common wasp Vespula vulgaris, and the Asian paper wasp Polistes chinensis.
Since 1987, biological control works applied the parasitoid Sphecophaga vesparum
vesparum and Sphecophaga vesparum burra for the control of wasp, the parasitoids
Encarsia formosa, E. pergandiella and E.inaron to control whitefly, the eulophid
wasp Thripobius semiluteus to control thrips, the Tetranychus lintearius, gorse
thrips Sericothrips staphylinus, Cydia succedana to control broom, the parasitoid
Microctonus hyperodae to control stem weevil Listronutus bonariensis.

Biological control in Thailand
Biological control was emphasized on the rice pests such as plant lice, leafhopper,
stem borer in Thailand, and also on the pests of corn, cotton, soybeans, fruits and
vegetables, e.g. the fruit fly, melon fly, diamondback moth, thrips, etc. The banana
skipper, Erionota torus, was controlled by the release of egg parasitoid, Ooencyrtus
erionotae, and the larval parasitoid, Cotesia erionotae (Apanteles erionotae), both can
control the skipper successfully. Longan and litchi orchards in northern Thailand were
released with Anastatus sp. to control litchi stink bugs, Tessaratoma papillosa. Sugar
cane borer, Scirpophaga excerptalis, was controlled with a larval parasitoid, Cotesia
fl avipes, and an egg parasitoid, Trichogramma spp. In addition, the use of predatory
stinkbug, Eocanthecona furcellata, for controlling lepidopteran larva pests such as
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Spodoptera litura and Pieris rapae crucivora on vegetables.
The water hyacinth weevil, Neochetina ecihhorniae, and Phuket weevil, N.
bruchi,were introduced to control water hyacinth and are approaching to successful
stage. The parasitoid, Diadegma insularis, was introduced from Hawaii to control
diamondback moth in 1965. The ladybug, Curinus coerulens, was introduced from
Saipan in 1987 and the ladybug, Olla abdominalis, was introduced in 1989 to control
Heteropsylla cubana. Proreus simulans was used in the control of sugarcane borers.
The Mallada basalas, Chinese green lacewing (Chrysopa sinica), common green
lacewing (Chrysoperla carnea) and Chrysoperla rufilabris were reared to control
spider mites and insect pests.

Biological control in Hawaii
From 1890 to1988, natural enemies were introduced in 849 cases in attempt to
control pests. Among them, 686 cases were for the control of 126 species of insect
pests, 17 cases for the control of mites, 90 cases for the control of 76 species of weeds,
53 cases for the control of snails, 819 cases were for agricultural pests, 26 cases for
medical pests, and 4 cases for other pests, such as black widow spider, Latrodectus
mactans, and acacia whitefly, Acizzia uncatoides.
The target pests in 60 cases were dung insects, 69 cases were aphids, 40 cases
were scale insects, 36 cases were weeds. Among the 681 species of natural enemies
introduced during 1890-1988, 254 species accounting for 37.3% have established in
Hawaii; over 250 species of predatory insects and six species of predacious mites were
introduced, and over 60 species of predatory insects and two species of predatory mites
have established. During this period, approximately 283 species of parasitoids were
released, over 115 species have established. Currently, 43 species of insects and fungi
have established Sixteen species of Streptopterans, 15 species of Coleopterans and 15
species of Dipterans were used to control snails. For the introduction of vertebrates,
three species of birds were introduced with two species established, one is an owl for
the control of rodents, the other is an egrets for the control of mites and flies. Three
freshwater fishes were introduced to control mosquitoes with the Gambusia affinis
and Mollienesia latipinna have established. Seven species of frogs were introduced,
and one species of toads and two species of frogs have established. Bufo marinus
is widely distributed in main islands other than Lanai Island. The frog Rana rugosa
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and a poisonous frog, Dendrobates auratus, were found. Among the 254 species of
introduced and established exotic natural enemies, over 157 species are host-specific,
over 33 species are shown to could attack native or beneficial species. Among the 254
species of established natural enemies that were introduced during the 99 years from
1800 to 1898, over 210 species were applied for the control of harmful plants and
animals in Hawaii, and achieved concrete results to the control of 38 species of insect
pests and 7 species of weed pests.

The natural enemies in Europe and America
1.Hippodamia convergens
For predating the aphids, stinkbug larvae, beetle larvae, thrips, weevils, whiteflies
and spider mites, etc.
2.Cryptolaemus montrouzieri
For predating the mealybug, therefore, the lack of food when feeding on soft-scale
insects is also widely used to control mealybug in citrus.
3.Chrysoperla carnea
Larvae mainly feeding aphids, scale insects, spider mites, leafhopper nymphs, moth
eggs, thrips and whiteflies, etc. Adult were fed on honey, pollen and nectar. The
lacewing larvae were used as a natural enemy for localized infestation of aphid
control, and the food was lack, it will kill each other.
4.Whitefly parasitoids, Eretmocerus eremicus
The species of parasitic wasp larvae as whitefly parasitoids, when it was released
according to whitefly population density. The effect is better in the morning or
evening to release this natural enemy. Otherwise if the whitefly Trialeurodes occur,
it is to be considered to release the parasitic wasps, Encarsia spp.
5.Encarsia formosa
The parasitic wasp was used for the control of greenhouse whitefly, but also to
control tobacco whitefly. We can utilize the yellow sticky to detect the pest density
and use parasitoids to control whitefly, the parasitic wasps and lacewings can be
utilized to control whitefly simultaneously.
6.Trichogramma brassicae
More than 200 species of parasitic insects to pest eggs, including the loopers, fruit
moths, armyworm moths eggs and the other pests. The release timing of parasitic
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wasps for the control of insect pests was a key point for successful control, the
release rate was according to different types of parasitic wasps that should be
released early at the growing season.
7. Aphidius ervi
The main species of parasitic wasps was to be used to control the aphids,
Aulacorthum solani and Macrosiphum euphorbiae, when the winged aphids
density is higher on the crop, it is to be released weekly, if the parasitic wasp has
established, the release method is selectively.
8. Aphidius colemani
The main species of parasitoids was to be used for the control of Aphis gossypi,
Myzus persicae and Myzus nicotianae.
9. Orius spp.
Orius was used for the control of thrips, aphids and small moth larvae and the
effect was significant. Orius was mainly used to control western flower thrips, that
following the release of Amblyseius cucumeris. Orius laevigatus was used to control
Frankliniella occidentalis. Orius insidosus easily based on a pollen crops.
10.Aphidoletes aphidimyza
The natural enemy of aphids was easy to be used and to control aphids and easy to
be attracted by the honeydew of aphids.
11. Aphid parasitoids, Aphelinus abdominalis
This natural enemy was to be used for the control of aphids, such as Macrosiphum
euphorbiae and Aulacorthum solani .
12. Phytoseiulus persimilis
This natural enemy was released to control two spotted spider mite, Tetranychus
urticae, and reached to the control target in 2-3 weeks, particularly on the tomatoes,
strawberries and ornamental plants.
13. Amblyseius californicus
This natural enemy was mainly used to control Tetranychus urticae and the other
Tetranychus. The Amblyseius californicus was more expensive than Phytoseiulus
persimilis and with a good control result, the latter is not required to use. If it hotter
or drier, Phytoseiulus persimilis can be replaced by Amblyseius californicus.
14. Amblyseius cucumeris
This natural enemy usually lays eggs on the plant dorsal, mainly feeding on pollen,
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eggs and small thrips. In short, under the sunshine and low temperature conditions
will diapause, meanwhile, the thrips are lack, they fed on pollen. The natural enemy
was used for the thrips and spider mites control on the cucumber, green pepper,
strawberry, rose, tomato and the other plants. The release timing of this natural
enemy was according to the appearance of thrips or spider mites.
15. Amblyseius degenerans
This natural enemy was used to control western flower thrips and mites. It comes
from the Mediterranean region and North Africa. The female mites predate male
mites during the lack of food and it is more resistant to humidity than Amblyseius
cucumeris, and larger individual predate the thrips, and the lack of sunshine
inducing the short diapause phenomenon.
16. Predatory gall fly Feltiella acarisuga
This natural enemies was to used to predate the Tetranychus urticae and the other
spider mites, adult feeding on honey only.

Conclusion
The natural enemies were utilized for the control of insect pests or mite pests, and
we should pay attention to the population dynamic of pests, particularly the control
timing followed the low density of pests, if the pests density were higher, a large
number of natural enemies were required, and the crops has been damaged, the release
of natural enemies was a waste work. In addition to the timing of the release of natural
enemies should pay particular attention, the control timing should be according to the
other factors such as the value of crops, infested area, growth stage, etc. Therefore,
the release of natural enemies should pay attention to the climate, pest density and
the ratio of benefit and harm, therefore, the economic injury level, control timing, the
release quantity of natural enemies, and the sampling methods are the important issues
in the future.
Biological control with the function followed the control pests, conservation,
maintenance of the ecological environment, reduce production costs and other effects,
therefore, the research and development of natural enemies should be still to continue
to operate. The necessary information should be emphasized such as pest population
density, the release timing of natural enemies, so the use of natural enemies of pest
control could reduce costs and avoid environmental pollution, chemical residues,
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and promote the produce quality and safety of farmers and consumers and the other
advantages.
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ABSTRACT
Injury caused by the use of chemical agents such as resistance and residual issues
and the biological control of insect pests was emphasized, but large-scale research
and application is a recent case. The utilization of the natural enemies of insect pests
in bio-control was focused on predatory and parasitic natural enemies and regarded
as the mainly bio-control force, and that played an essential role in insect pest control
and ecological conservation. Natural enemies included predatory and parasitic insects,
micro-organisms and the other animals such as mammals, birds, spiders, etc. In biocontrol market, there are over a hundred companies to sell the natural enemies around
the world. The natural enemies have already accumulated the substantial research
and promotion of energy in the past and at present in Taiwan. In this article, we will
discuss the utilization of natural enemies and provide a reference in organic farming.
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