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Fig. 1.
moderate level of phosphine resistance.
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Table 1. Susceptibility and resistance ratios of Sitophilus oryzae strains to phosphine in the imported brown
rice warehouses

Strain N LC50(95% FL) ng L1 Slope X2 df RR-Lab® RR-Lowest?

Laboratory 450 3.3(2.9-3.9) 2.30 30.22 13 1.00 2.22

Northern
Shulin 450 1.8 (1.4-2.3) 2.44 31.92 13 0.55 1.22
Taoyuan 330 6.0 (4.8-7.8) 1.41 13.42 9 1.82 4.04
Hukou 810 38.8 (35.3-42.4) 3.25 20.45 25 11.76 25.87
Longtan 450 2.6 (2.2-3.1) 5.12 39.33 13 0.79 1.76
Zhunan 450 3.5(3.0-4.3) 2.90 2017.72 13 1.06 2.33
Sanwan 300 4.4 (3.4-5.7) 3.63 20.77 8 1.33 2.93

Central
Lukang 300 2.8 (2.4-3.2) 4.23 8.17 8 0.85 1.87
Huatan 450 26.2 (21.2-35.2) 1.35 10.96 13 7.94 17.47
Xihu 810 54.6 (46.0-66.8) 1.57 14.50 25 16.55 36.40
Puxin 450 3.5 (3.2-3.9) 4.88 13.07 13 1.06 2.33
Tianzhong 330 2.4 (2.2-2.7) 4.65 4.771 9 0.73 1.60
Ershuei 540 22.7 (14.8-35.7) 3.00 65.21 16 6.88 15.13
Citong 450 2.2 (1.6-2.9) 2.25 35.46 13 0.67 1.49
Beigang 420 2.8 (2.5-3.2) 2.72 12.39 12 0.85 1.87

Southern
Houbi 690 73.8 (54.5-114.0) 1.14 19.30 21 22.36 49.20
Yanshuei 360 3.0 (2.0-4.8) 1.29 20.62 10 0.91 2.02
Zhongzheng 300 2.3 (1.9-2.7) 2.30 241.11 8 0.70 1.53
Longtian 420 3.7(2.9-4.7) 3.36 37.99 13 1.12 2.49
Meinong 450 2.6 (1.1-5.8) 2.61 208.00 13 0.79 1.76
Pingtung 450 2.3 (1.6-3.3) 2.14 33585 13 0.70 1.56

Eastern
Yilan 450 1.5 (0.9-2.2) 2.46 970.54 13 0.45 1.00

2 RR-Lab: Resistance ratio compared with laboratory strain
b RR-Lowest: Resistance ratio compared with the lowest

(Devi et al., 2017) - —f (e >~ R &8RA 5%
B DTN SRR 39 K i FoREHI
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Table 2. Susceptibility and resistance ratios of Sitophilus zeamais strains to phosphine in the imported

brown rice warehouses

Strain N LC50(95% FL) ng Lt Slope X2 df RR-Lowest @
Northern
Zhudong 450 2.9 (2.6-3.3) 3.38 18.66 13 1.53
Zhunan 300 2.5(2.2-2.7) 4.90 4.70 8 1.32
Toufen 450 2.6 (1.8-3.6) 2.77 15.47 13 1.37
Beipu 300 2.7 (1.6-4.5) 1.56 20.44 8 1.42
Yuanli 300 2.8 (2.3-3.3) 2.48 11.82 1.47
Central
Wuqi 300 5.7 (4.3-7.2) 4.99 22.53 8 3.00
Beigang 450 2.0 (1.3-2.8) 2.55 20.32 13 1.05
Southern
Houbi 450 3.5(3.0-4.1) 1.98 19.22 13 1.25
Xinying 450 2.9 (2.0-4.0) 2.32 58.53 13 1.53
Yanshuei 450 4.6 (4.1-5.3) 2.94 14.45 13 2.42
Liouying 450 2.5 (1.5-3.7) 2.61 95.48 13 1.32
Dongshan 450 2.7(2.4-3.1) 2.50 15.92 13 1.42
Lioujia 450 1.9(1.7-2.1) 2.80 16.28 13 1.00
Longtian 450 10.1(8.8-11.8) 1.92 16.24 13 5.32
Annan 450 11.7 (9.6-15.1) 1.79 6.18 13 6.16
Pingtung 450 3.1(2.3-3.9) 2.12 31.40 13 1.63
Eastern
Yilan 450 3.0 (2.7-3.3) 4.88 14.12 13 1.58

2RR-Lowest: Resistance ratio compared with the lowest

BEERSRAYIE R > HEHI P RE By & W] HEAE SRR A 10
CAEAB LS DT EAS -

H Al R R 1B Ry 35 B ~ BN Sk pa %
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2017; Parasian et al., 2018; Agrafioti et al., 2019;
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ABSTRACT

Sitophilus oryzae and Sitophilus zeamais are the most common insect pests in imported
brown rice warehouses in Taiwan. Brown rice severely infested by these weevil species
results in huge grain losses. Since 2019, the Agriculture and Food Agency, with assistance
from the Agricultural Research Institute, has assessed the effectiveness of fumigation in
protecting imported brown rice from pests. From 2020 onward, the fumigation times and
failure rates increased, with the detection of a high number of live insects in the stored brown
rice. Therefore, we speculated that the pests in stored brown rice may have developed
resistance to phosphine. Because S. oryzae and S. zeamais are the most common insect pests
in imported brown rice, we collected live adults of these species from the imported brown rice
warehouses, kept them in a laboratory with oatmeal fed to them, and assessed their
susceptibility to phosphine to evaluate their phosphine resistance development. The results
revealed that some S. oryzae strains from the warehouses developed medium-to-high degrees
of resistance to phosphine. The strains from the Hukou Township, Ershui Township, Huatan
Township, and Xihu Township warehouses developed moderate phosphine resistance, with a
15- to 36-fold resistance ratio. The phosphine resistance ratio in the Houbi District strain
was as high as 50-fold. By contrast, the S. zeamais strains did not develop such high
phosphine resistance, with the highest resistant ratios being only 5- to 6-fold in the Longtian
Village and Annan Township strains. Considering the phosphine resistance in S. oryzae, we
will evaluate the effectiveness of phosphine combined with various gases in the control of
these pests in the future.

Key words: Sitophilus, Imported rice warehouse, Phosphine resistance, Median lethal
concentration, Resistance ratio
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