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Fig. 1.
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Schematic of field test design. Buffer zone of the thrip alarm pheromone test included
plots 2, 5, 8 and 11. Plots 3, 6, 9 and 12 were treated with thrip alarm pheromones,
whereas plots 1, 4, 7 and 10 did not receive thrip alarm pheromones (control). Plots 1,
2 and 3 were treated with traditional insecticides (control). Plots 4, 5 and 6 were
treated with Permethrin + Ba-CL3. Plots 7, 8 and 9 were treated with Spinosad + Ba-
CL3. Plots 10, 11 and 12 were not treated with any insecticides (control). Crops
planted above the green-dotted line were sprayed every 8 days. Crops planted below
the green-dotted line were sprayed every 4 days.
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Fig. 2. Pest control strategies applied in this study. In this table,

LLI”

denotes pesticide

application time, and the arrow denotes the time of difenoconazole application.
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Fig. 3.

Monitoring Spodoptera litura and S. exigua in two garden pea fields in Fuxing

Township, Changhua County, Taiwan, between 1 Nov. 2018 and 24 Jan. 2019. In one

of these fields (denoted by Mt), a mass trapping program involving traps baited with

sex pheromones was applied. In the other field (denoted by CK), no mass trapping

program was applied.
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Table 1. Percentage of pea pods infested with thrips in this study in Fuxing Township, Changhua
County, Taiwan. Plots were monitored between 1 Nov. 2018 and 10 Jan. 20199

Infested rate (%) by thrips

Treatment Total number of harvested pods
Alarm pheromone 1046
Check 1101

782+ 7.8
86.7+11.0 ns.?

D Mean rate thrip infestation in pea pods in buffer zone (Plots 2, 5, 8 and 11) was 82.7 £ 12.8 %.
2 Means were not significant according to a t-test, te = -1.35146, p = 0.225274.
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Spinosad+Ba- Permethrin+ Ba- Traditional control Check
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Fig. 4. Percentage of pea pods infested with thrips when insecticides were applied every 4 or
8 days with thrip alarm pheromone traps in garden pea fields in Fuxing Township,
Changhua County, Taiwan. Fields were monitored between 1 Nov. 2018 and 10 Jan. 2019.
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Fig. 5. Commercial Bacillus amyloliquefaciens CL3 cultured with 10% EC permethrin and
2.5% SC spinosad.
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Fig. 6. Frequency of powdery mildew occurrence in garden pea fields in Fuxing Township,
Changhua County, Taiwan, between 1 Nov. 2018 and 10 Jan. 2019. (A) disease
severity of powdery mildew after 55 days; (B) disease severity of powdery mildew

after 63 days; and (C) disease severity of powdery mildew after 71 days.
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Table 2. Cost comparison of two pest management strategies applied to garden pea fields in
Fuxing Township, Changhua County, Taiwan, between Nov 1, 2018 and Jan 10, 2019.
Expenditures are reported in New Taiwan Dollars (NTD).

Items

Conventional farming in Integrated pest management

this study in this study

Chemical pesticide cost (NTD/0.1 ha/season) 5,600 750
Biopesticide cost (NTD/0.1 ha/season) 0 600
Pheromone products? 0 2,690
Labor cost for pesticides application 3,000 -

(1) Application per 4 days - 3,600

(2) Application per 8 days - 2,100
Subtotal? 8,600 7,640 /(2) 6,140

D Cost of Spodoptera litura Fabricius (Tobacco cutworm) sex pheromones: 5 NTD/tube x 5 tubes x 3
months + 50 NTD/trap x 5 traps = 325 NTD; cost of Spodoptera exigua (Beet armyworm) sex pheromones:
5 NTD/tube x 8 tubes X 3 months + 30 NTD/trap x 8 traps/month x 3 months = 840 NTD; cost of thrip
alarm pheromones: 20 NTD/lure/6 mon x 250 lures/0.1 ha x 0.6 ha x 1/2 month = 1,500 NTD. Subtotal =

2,690 NTD.

2 Pheromone products are not included. The number of pesticides used in conventional pest control

programs and IPM are 12 and 4, respectively.
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A Real Case of Integrated Pest Management

on Garden Pea in Taiwan

Ying-Ru Liang!, Fang-Chin Liao', Wen-Lung Wang', Cho-Yi Wu!, Chih-Hung Chang!,
Chau-Chin Hung'*

Abstract

Liang, Y. R., Liao, F. C., Wang, W. L., Wu, C. Y., Chang, C. H., and Hung C. C. A real case of
integrated pest management on garden pea in Taiwan. 2020. Taiwan Pestic. Sci. 8: 65-84.
Garden peas (Pisum sativum L.) are an extensively grown vegetable. However,
applying synthetic pesticides on this crop can lead to excessive pesticides residues, which
pose significant risks to food safety. In this study, we performed integrated pest management
(IPM) field trials using sex pheromones, thrips alarm pheromones, chemical pesticides, and
Bacillus amyloliquefaciens CL3. The goal of this study was to find an alternative method
capable of reducing the use of conventional chemical pesticides. Results showed that setting
10 sex pheromone traps in a 1 hectare field was effective at reducing the population of
Spodoptera litura. In contrast, to control Spodoptera exigua in a 1 hectare field, a
configuration involving 30 traps was more effective. In addition, the percentage of pea pods
infected by thrips was reduced from 86.7% to 78.2% when thrips alarm pheromone traps
were applied in the field at the start of planting. We also found that spinosad was more
effective than permethrin in reducing thrip infection rates. Moreover, the group that was
treated with permethrin+thrips alarm pheromone traps every 4 days showed had fewer
infected pea pods (70.1%) than did the group that was treated every 8 days (85.6%). Crop
damage rates in the groups that were treated with spinosad+thrips alarm pheromone traps
every 4 or 8 days were 73.1% and 71.1%, respectively. Our results showed that using thrips
alarm pheromone alongside suitable chemical pesticides can control thrips populations and

also reduce overall pesticide use. Our results further showed that rotating between using
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Bacillus amyloliquefaciens CL3 and chemical pesticide treatments was effective in
controlling powdery mildew disease. Finally, we found that applying Bacillus
amyloliquefaciens CL3 at the start of planting and a chemical pesticide once a month
thereafter still reduced the use of chemical pesticides compared to conventional pesticide
treatment programs. In conclusion, sex pheromones, thrips alarm pheromones, and Bacillus
amyloliquefaciens CL3 are all practical, effective, and easy to apply on garden pea and can

reduce the risk of pesticide residues contaminating food.

Key words: extensively grown vegetables, pheromones, pesticides rotation strategy, integrated
pest management (IPM)



