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Abstract 

Both the existence of a sub1ropit:aJ climak and intensive h!!rirultural system provide fovornblf 
,,011ditiur1s for pest prevalenc~ in Taiwan. Agricultural pest control is almost exclusive!, carried 
out by the u,e of chemicals leading to excessive applicati<rns of pesticides, tis evidenced by the 
consumption of 370 kinds of pesticides totalling 36,000 tons in 1981. 

Improvement of 1he present situation i, under way. In this paper, the follmving thice topJCs 
are being dealt \\ ith: 11 Brown planthopper control, 2) Studies on insecticidal resistance and 
3) Grub c,mtroL 

Taiwan is situated between 21 45 1 and 25 48' NL It is an island 380 km long from North 
to South, and about 140 km wide from East to West at its widest part. The island is leaf-shaped 
with an acreage of 36,000 km2 • The Tropic of Cancer runs at about the 2/3 of the southern part 
of the island. Therefore, Taiwan is generally considered to belong to the tropics or subtropics 
by geographers. There is a large chain of mountains running from North to South, which forms 
tbe backbone of tbe island and high mountains of above 3,000 m can be seen all over the island. 
The highest mountain, Mt. Morrison, culminates at an altitude of 3,997 m. Based on the distribu
tion of the forests, the climate of Taiwan can be divided into the following 4 zones (Table l ). 

Table l Climatic zones of Taiwan classified according to the distribution of forests. 

Climatic zone Area Altitude (m) Altitude (m) 
(%) (northern area) (southern area) 

----·------
Tropical 56 0- 300 0- 600 
Sub-tropical 31 300-1,500 600-2,000 

Temperate 11 1,500-2,500 2,000-3,000 

Sub-frigid 2 >2,500 >3,000 

As mentioned above, Taiwan has a surface of 36,000 kni2 with 70% of the island being 
covered by mountains. The percentage of arable land which amounts to only 24%, namely about 
90,000 ha, is almost completely confined to the lowland areas. Therefore, agriculture in Taiwan 
is essentiaily of the sub tropical type. Recently reclamation of mountain areas has made evident 
progress and large expanses of deciduous orchards, consisting of apple, peach and pear trees as 
well as cmciferous vegetable gardens in the summer are located in the zone ranging from 2,000--
2,S00m in altitude. Besides, the introduction of some new crops, such as onion, asparagus, 
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mushroom, various kinds of ornamental plants and flowers makes the crop component more 
diversified. In addition, the presence of high temperature and moist subtropical climate, along 
with the intensive agricultural system,. are conducive to the existence of a diversity of agricultural 
pests. For instance, more than 110 species of insects are listed as pests on paddy plants. According 
to the data from the Department of Agriculture and Forestry, Taiwan Provincial Government, on 
the average about 30% of the crops sustain losses due to pests unless suitable pest control 
operations are carried out. It is also stated that, during the paddy cultivation period, if proper 
chemical control is not implemented, Joss due to the pests will total 15.4 and 27.7% for the 1st 
and 2nd paddy crops on the average, respectively. Especially in the case of the 2nd crop, the 
loss is estimated to zoom up to 54.2% at the worst. In Taiwan paddy production of rough rice 
for the l st and 2nd crops amounts to 3 .8 and 3. l ton/ha, respectively, which corresponds to a 
very high level of production in the world, and also indicates that plant protection in Taiwan 
operates fairly well. 

It is also important to review the past use of pesticides in Taiwan. In the 6th edition of the 
Farmer's Handbook of Taiwan (1944), the following pesticides are listed as being commonly used: 
arsenate, pyrethrum, nicotine sulfate, Bordeaux mixtures, lime sulfur, Denis, machine oils etc. 
Among them, Derris which is a domestic product, enjoyed a wide popularity at the time. 

It was in 1949 that the first organosynthetic pesticide, DDT, was introduced to Taiwan 
followed by BHC and in 1951, holidol and aldrin were imported. The former showed a remarkable 
control effect on rice stem borers (Tryporyza incertulas, Chilo suppressalis) and other various 
species of insect pests, while the latter afforded effective control of ants which, as the carriers of 
pineapple mealybug (Dysmicoccus brevipes), cause condiderable hardship to the farmers. Also 
aldrin is extensively applied as soil insect control agent along with another organic insecticide, 
heptachlor. In 1953, malathion and endrin were imported. Malathion is widely used for the 
control of rice insects and aphids, and endrin is used' against cotton and soybean insect pests. 
It was in 195~ that dieldrin was used practically in Taiwan. The chemical showed a significant 
effect on the control of the banana stem borer weevil (Odoiporus longicollis), which has caused 
severe damage to banana orchards since 1954. DDT was also extensively used for the control of 
Anopheles. Then, Taiwan became a malaria-free area in 1965 according to WHO. Due to the 
residual toxicity and hazard to the environment, the use of these organic hydrochlorinated 
insecticides became prohibited around I 975. 

Despite the prohibition of the use of several pesticides, the utilization and dependency on 
pesticides have increased gradually in Taiwan. Nowadays, more than 370 kinds of pesticides are 
registered by the government. Although these pesticides are undoubtedly contributing to the 
control of agricultural pests including pathogenic agents, insects, weeds, rodents, the number of 
registered pesticides has a tendency to increase year by year, along with their dosage. According 
to the data from the Taiwan Agricultural Pesticides Industry Association, 36,000 tons of pesticides 
worth US$ 100 million were consumed in 198 l , and paddy is the largest target for the application 
of pesticides. It is estimated that about 20-30% of the pesticides are used for the control of 
paddy pests (Tables 2, 3, 4). 



Table 2 LT se of pe,ticide,: in Taiwan in 198 L * 
------ -- '"" -----------.------"·-- - "" ·----------,-·--~-~ -------" -- -·-----~-~-- ------~------·-------

Targei crop and am(JL,m ,'.onsumed (kg.I) 

Annual Rats, stored 
Pesticides consumption Vegetables 

products and 
Weeds (paddy 

(kg.l) Paddy and fruit fields and 
trees orher fumiga-

upland areas) 
tion procedures 

Insecticides 13,863,000 8,419,000 5,444,000 

Fungicides 3,826,000 2,481,000 l ,345 .000 

Herbicides 17,389,000 17,389,000 

Others 1,367,000 l ,36 7 .000 

Total (100'/,.) (29.9%) (18.6'X) (3.9%) (47.6%) 
36,445,000 10,900,000 6,789,000 l .367.000 17,389.000 

* From the data of "Domestic Manufacturer Production and Sale, of Pesticides in J 981 ''. Taiwan 
Agrictiltural Pesticide Industry Assodstion. 



Pesticides 

Phenthoatc 

Carbamint 

CPMC 

Dimethioatc 

Diazinon 

Disulfoton 

Irnip 

Phosmet 

Fenthion 

Malathion 

in Taiwan 

Amoum Price 

30,120 

7.61 

5.105 

384 

266 
5 

6,865 

l 

12,400 

control 

Total 

0.000 

7,910 

l.890 

23,:! 

A 9 

J7. 

639 

8.5 

230 

Add. l) Data from Taiwan Agricultural Pesticide Association, Domestic Manufacturer 
Production and Sales of Pesticides in 1981 (the cost of imported is calculated 
the commercial rate of l :80 in US$ and NT$). 

2) Total cost of consumed in l 981 amounts to NT$354.808 million. 
Cost of rice insect control totals NTS 188 million 



Table 3-B Pesticides used in Taiwan for the control of paddy diseases in 1981. 

Pesticides Amount sold Price (NTS) 
(kg.l) 1,000) 

Blestan E. C. 12,722 

Blestan W. P. 500 2,070 

Difolatan T. G. 236,683 59,478 

Duter W. P. 8,773 1,880 

Fuji-1 E. C. 10,000 5,084 

Hinosan D. P. 48,968 23,813 

Hinosan E. C. 59,139 29,864 

Kitazin-P E. C. 62,527 12,118 

Kitazin- D. P. 37,042 l ,738 

Kasumin W. P. 8,344 3,118 

Kasumin S. 11,398 2,113 

Kasumiron W. P. 46,527 16,628 

Mon E. C. 87,042 11,353 

Mon T. G. 16,500 4,785 

Neo-Asozin S. D. l,053 ,271 27,857 

Oryzernate G. 479,521 25,430 

Polyoxin W. P. S. 40,142 23,772 

Rabcide W. P. 62,661 10,060 

Tachigaren S. 5,400 6,129 

Validacin S. 100,000 24,120 

Total 2,480,724 304,457 
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However an even more extensive use of pesticides is made in orchards, and for s,mit' vegetables 
and ornamental plants. Such considerable consumption of pesticides which reftects the progress 
of agriculture. also symbolizes the modernization of agriculture in Taiwan. On the other hand. 
it is inevitable that such a use would bring about problems from both the agrlcul1mai and social 
standpoints, At first, the high cost of pest control caused considerabie h.irdsl1ip to the Lnmers. 
Due to the industrialization of Taiwan. labor cost has increased m::rb:l!iy recently, and wages 
always exceed the ,',)St of pesticides themselves However wages vary with the kmd d' pesticide 
and target ..:rop, It is estimated that pesticides account for about 55--t>0S'r of 1he lo1al expenditure 
for pest .:on lrnl. If the cost of the applicators is taken into account, the total expenditure for 
pesr control amounted to about US$250 million in 198 l, which also corresponds to approximatciy 
10-30<~ of the total production cost. EspecialJy, for several fruit trees, the expenditure for pest 
control accounts for more than 30'l. totalling US$ l ,000--- 1,300, The :,verngc cost ror a ,:rep is 
estimated at US$650--800. From these data, Jt is apparent that comp"re,l with o[her countries, 
pesticide use in Taiwan is excessive, Furthermore. farmers find il difb.:uit to select among the 
various pesticides the most effective one, The "Plant Protectinn Manual'', a guide-book for 
farmers, is published annua]iy by The Department of Agriculture and Fores1ry Taiwan Provincial 
Government. According tu the manual of the 1982 edition. 28, 68 and 32 formulations of various 
pesticides are recommended officially for the control of rice b!asl (Pyricuiaria o,yzae ). the brown 
planthopper (Nilaparrnra lugens) and the diamond back moth (Plurelhi .,y/ustel!a). ,·espectively. 

Such an abundance of recommended pesticides is often criticized by the farmers. The 
reassessment of the recommended pesticides for some important pests has already heen carried 
out for the past years but it will rake several more years to complete the whole work.. 

It is nonetheless evident that agriculture in Taiwan has made rernarkabie progress following 
1he application of pesticides. On the other hand, serious problems are being experienced. 
Nowadays, specialists are making strenuous efforts for improving the situation. The following 

studies on insect pests. will be presented with a view to considering future prospt'.cts for the use 
of pesticides in Taiwan. 

Brown planthopper (UPH) control 
BPH is recognized as the most destructive insect pest of paddy. Presently, a BPH working 

group comprising more than 10 entomologists is being organized. to carry out fundnmenta! and 
applied studies. 

At first, basic aspects are being taken up, such as the design of sampling methods. studies on 
population dynamics. damage analysis and estimation, followed by the determination of the 
economic threshold. At last criteria for economic control are defined as shown in Table 5. 

Control cost 
(NTS 1,000/ha) 

3 

4 

5 

6 

7 

Table 5 Criteria for economic control of brown planthopper. 
(No. of BPH/Stab.: before heading stage/after heading stage). 

Rice price (NT$/kg) 

JO 12 14 16 18 

3.6/5.2 3.2/4.4 2.8/4.0 2.7/3.8 2.6/3.6 

4.8/6.4 4.0/5.2 3,6/4,8 3.2/4.4 3.0/4.2 

6.0/8.0 4.8/6.8 4.0/5,6 3.6/5.2 3.2/4.8 

8.0/9.6 6.0/8.0 4.8/7 .2 4.4/6.4 4.0/5.2 

9.6/]4.4 8.0/9.2 6.0/8.0 4.8i7.:: 4.6/b.4 
---.. ----------.. -·~-- -~·----· ~ ----

20 

2.4/3.4 

2 8/4,0 

3.0/4.4 

3.6/5.0 

40/6.0 



Thereafter. studies will be almost exclusively based on these data. Due to the increase of 
labor wages, the application of granular pesticides is considered to be the soundest method. 
Then. the improvement of applications of granular pesticides wili be evaluated in using 3 % 
furadan G. Chemicals are applied to 1he paddy fields at the rate of 40 kg/ha with 3 5 cm standing 
water. The control effect on BPH is compared in paddy fields with or without the water being 
removed ( Fig. I). 

0 z 

140 

100 

0 

•--.. 5cm~ standing water 

---- No standing waler 

2 4 8 12 

Days after treatment 

18 

Fig. l Influence of water regime of rice field on the efficacy of 
furadan G against rice brown planthopper. 

24 

The results of the tests obviously indicate that it is preferable to remove water in the fields 
if long-term control by the granular insecticides is to be achieved. 

In order to determine the proper timing for insecticidal application, 3.5% Ofunak-M. D., 3% 
furadan G. and 40.64% furadan F. were applied twice or 3 times during various intervals between 
the early booting stage and heading stage of paddy plant, and the effect of control against BPH 
was estimated. 

As shown in Figs. 2 and 3, the most effective control was achieved by two applications of 
the pesticide within I-week interval, both of them being targeted to the booting stage which is 
the most sensitive stage of the paddy plant to the damage by the BPH. The application resulted 
in a very effective control and brought about high yield and high net income. 

Comparison of the effect among the various chemical formulations is also being made. The 
results of the experiments showed the ad vantages of applying the pesticide twice under the form 
of dust at the booting stage. Both from the standpoint of control effect and economy such an 
application was found to be superior to liquid spraying. As for the net income, 3-time spraying, 
twice at the booting stage and once at heading stage, is less advantageous than dusting treatment 
applied twice at the booting stage (Table 6). 

The work is also aimed at designing labor saving applications, along with improving the 
spraying methods and nozzle structure. 
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Fig. 2 Effect of the frequency of insecticide application and interval 
during booting and foll-heading stages on the population of 
brown planthopper for the 2nd crop of rice (1980). 
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Fig. 3 Effect of the frequency of insecticide application and interval 
during booting and full-heading stages on the population of 
brown planthoppeI for the 2nd crop of rice (l 981). 
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Ta'ble 6 Effect uf varLnh ii1,,!nicidai applications en paddy yield and protit, 198\',l. 

i\pplicatlo.n 

1. Liquid sp1,1ying euch at early booting and 
heading stages ( t,v ice l. 

2. Dusting each at 
stages (twice), 

booring and heading 

3, Spraying at early booting \tage each 7 days 
(twice). 

4. Dusting at early booting i,rag,' each 7 clays 
(twice), 

5, Granular app!kalion at early booting stag,' 
(once), dusting at heading srnge (once). 

6. Dusting a1 early boutiHg stage ( twice). 
additional one at heading stage. 

7. Untreated. 

Cost for control = price of pesticide + wages. 

Yield 
kg/ha 

.0 ab 

5,773.5 C 

5.943.6?. 

5,884.>. b 

SJ:06.8 be 

5.996.7 a 

3,97 L7 d 

C<,s1 of 
applicat.inn 

NB/ha 

·'+.U6 

3.72 

3.60 

(i. JO 

5.40 

0.00 

Profit 
NTS/h:1 

106.8 

104.9 

108.0 

107.0 

103. l 

107.3 

74.7 

Pesticide (kl)= 40.64% furadan F NTS800. 3'.l furadan G NTS70. 3.5% Ofunak•M.D NTS35. 
Wagr (per ha) = spraying, NT$900· l ,OOO: dusting. NT$400: granular application NJ''.i> l 00. 

2 Studies on insecticidal resistance 
This is an importalll topic related to inse,:ricidal applica1ions worldwide. Insecticidal 

resistance of the BPH has been studied since 1976. ln 1978, studies were carried out in using 
BPH collected in the field with regard to the resistance to the following 14 insecticides: BPMC, 
carbofuran, carbaryl, Hokbal, methomyl, MIPC, MTMC, propoxur. ::h:eptate, parathion, malathion. 
parathion•methyl, monocrotophos and vamidothion. Comparison of the LD 50 determined in 1976, 
showed that the resistance ratio (RR) for carbofuran and malathion was 1.9 and 4.2 times higher 
respectively and there was no difference in the susceptibility of the insect, compared with other 
insecticides. In 1979. however, the situation changed markedly. The RR of carbaryl. MIPC, 
monocrotophos, parathion, malathion increased 3 S~ 12.5 fold, with the highest ratio for 
malathion. In 1980 and 198 l, except for propoxur, vamidothion. aceptate, there was a 2 21.5 
fold increase of resistance to the other l l insecticides. In particular the increase of resistance to 
carbaryl, carboforan, MIPC, monocrotophos was conspicuous. In the laboratory, strains becoming 
1183 fold resistant 10 malathion and 41 fold resistant to MIPC were developed throughout 9 and 
16 generations of seledion respectively. Both resistant strains were equally and significantly 
resistant to propoxur and permethrin, but still remained susceptible to fenvalerate. 

Synergists, such as S,S,S-tributyl phosphorotrithioate (DFF) and piperonyl butoxide (p.b.) 
were tested to determine their effect on malathion and MlPC resistant BPH. Then it was found 
that DEF enhanced the toxicity of malathion about 20 fold, and that of parathion and methyl 
parathion 11 and 6 fold. respectively. 

The insecticidal resistance of the diamond back moth is also being investigated. The resistance 
has been tested for the following 7 insecticides: diazinon, mevinphos, carbofuran, padan, pyrethrin, 
cypermethrin, decamethrin and fenvalerate. Besides. cross-resistance to the synthetic pyrethrin 
chemicals was developed by the diazinon-resistant strain. 



3 Chemical control of grubs 
Since the prohibition of the use of organochlorine insecticides. the activity of subterranean 

insect pests has become prominent again. [n Taiwan, the grub is one of the most important pests 
of the sugarcane plantations and forestry nurseries. About 20 species of scarabaeid beetles have 
been m;orded as sugarcane pests. One of the dominant species, the red-legged cupreous chafer. 
Anomala cupripes, is being studied intensively. Of the 3 instar larval stages, the l st and 2nd instar 
stages are considered to be the easiest to be controlled by chemicals. 

The age groups with their seasonal successions are investigated both under field and laboratory 
conditions. The survival rate of the ove1wintering population in various iarval instar stages is also 
being calculated. In addition, to determine the ovipositional succession, adult collection is made 
both in the daytime and at night on host plants and in light traps. The individuals collected are 
dissected and seasonal changes in the reproductive activity are being investigated. The results 
obtained suggest that May and Juiy are the most suitable months for soil application of 
insecticides. 
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Discussion 

Fuhr, F. (Federal Republic of Germany): Did I understand correctly that Taiwan has only 
90,000 ha under cultivation? You mentioned that the annual consumption of pesticides in Taiwan 
amounts to about 36,000 tons. Is this in terms of active ingredients or formulated products? 

Answer: In Taiwan the surface of arable land accounts for 24% of the total area, i.e. 90,000 
hectares. The consumption of 36,000 tons of pesticides refers to formulated products (corre
sponding to 1/3 of active ingredients). 

Ishikura, H. (Japan): You estimated the economic injury level in relation to the cost of 
control and the price of rice. I believe that the absolute yield level should also be taken into 
consideration. 

Answer: Of course the yield level is important and was considered. The price production 
level was set at 5 .5 and 4.0 ton/ha for the first and second crops respectively. 

Kajiwara, T. (Japan): In Taiwan it seems that you use a large amount of fungicides to control 
orange diseases. What is the most important disease? 

Answer: I cannot give you a precise answer because I am not a plant pathologist. 
Kohli, A. (Switzerland): It is interesting to note that the cost of pesticide application you 

indicated accounts for a very high percentage of the total treatment cost, i.e. for paddy it 
amounted to almost 40% and for oranges for more than 50%. What assumptions did you make 
when you calculated the cost of application? Did it include water and labor charges? What 



equipment was used to make it so expensive? 
Answer: The control cost must be divided into two parts: 1. the cost of pesticides and 

2. expenses covering labor charges, machinery and water use as well as rice itself. The use of 
semi-automatic sprayer and duster is most popular in Taiwan. 
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