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Phosphine resistance detection of red flour beetle (Tribolium castaneum)
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Abstract

The extent of the resistance to phosphine in stored grain insects is a serious
concern among major grain storage countries around the world including Thailand.
Phosphine is only one fumigant which is widely applied in stored product apart from methyl
bromide limited for quarantine and preshipment. In order to certify the status of insect
resistance to phosphine especially the rust red flour beetle, Tribolium castaneum (Herbst),
the detection and measurement of phosphine resistance were conducted during 2013 to
2015. Insect samples were taken from 125 rice mills in 45 provinces. After mass rearing, the
progeny (F1) was tested with various concentrations of phosphine at Post-harvest
Technology Research and Development Group, Post-harvest and Processing Research and
Development Division, Department of Agriculture. The discriminating dose was 0.04 mg/l at
20-hour exposure time, following FAO Recommendation (Method No.16). The results have
been shown that LCsy of T. castaneum from 121 rice mills was 4.93-34.96 pg/l and that from
4 rice mills were high, 335.76, 255.58, 286.84 and 724.68 g/l in Phetchabun (2 mills),
Lopburi and Kanchanaburi, respectively. When the comparison to LCs, of susceptible strains
from both Thailand and Australia was calculated, the resistance ratios were 20.55-62.63 and
20.41-78.68. Although number of rice mills where resistance of T. castaneum found was
small, but the level resistance to phosphine was 20-79 times of susceptible strains. If
improper fumigation with phosphine continues, it will be recently caused a serious problem
of phosphine resistance. It is necessary to make continuously surveillance the status of
resistance of this insect pest, as well as other species of stored grain insect pest, including
transferring proper fumigation practice for sustainable use of phosphine.
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Table 2 Resistance test of Tribolium castaneum to phosphine in year 2013

11

% mortality Resistance Resistance 95%
No.  Ref. Province (discriminating o Ratio Ratio Confidence
dose: 40 pg/l) /Y (Thai) (Aust.) Limits (ug/V)
1 5623 InyTYsed 5.76 33576  23.58 20.41 283.93-405.55
2 56-28 InyTYsed 11.18 25558  23.55 24.42 195.08-351.67
3 5624 any3 15.98 286.84  34.26 22.27 177.72-504.40
4 56-29 Wwadlan 59.33 30.43 2.80 291 20.07-41.08
5  56-82 Awodlan 85.96 16.68 1.35 1.36 8.80-23.31
6  56-50 UATAITIA 62.93 26.86 2.25 2.43 20.83-34.20
7 56-68  ALWILNYS 68.31 25.57 2.02 2.08 20.56-31.71
8  56-78 FIVYS 85.77 13.86 1.12 1.13 9.76-18.30
9 5691 uAsUgY 83.07 15.73 1.25 1.15 10.02-22.48
10 56-54 AN 71.48 20.08 1.75 1.73 9.47-31.45
11 56-55 AN 74.25 20.88 1.82 1.79 10.87-30.54
12 56-22 ATLTINT 96.05 13.56 0.95 0.82 0.12-21.63
13 56-95 ATLTINT 92.50 13.87 0.99 1.06 3.23-21.25
14 56-94 U513uY3 54.06 34.96 2.50 2.66 17.65-53.68
15 56-96 U513uY3 99.98 12.18 0.87 0.93 9.80-14.01
16 56-97 AU 99.97 10.09 0.72 0.77 8.82-11.27
17 56-38  UATAISITUIND 70.88 20.12 1.78 1.71 3.19-39.73
18 56-41 Wnas 99.47 11.32 1.09 1.00 8.24-13.72
19  56-46 a1l 100.00 9.77 0.81 0.86 9.00-10.44
20 56-71 a1l 96.32 13.61 1.07 1.11 10.06-17.49
21 56-47 \Weslul 99.99 10.10 0.84 0.89 5.30-13.06
22 56-70 \Weslvl 100.00 11.76 0.93 0.96 9.62-13.65
23 56-51 a1y 75.30 20.00 1.75 172 12.13-30.24
24 56-69 a1y 99.20 11.39 0.90 0.93 8.15-14.53
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Table 2 Resistance Test of Tribolium castaneum to phosphine in year 2013 (cont’d)

% mortality Resistance Resistance 95%

No.  Ref. Province (discriminating ;LJ) Ratio Ratio Confidence

dose: 40 pg/\) (Thai) (Aust.) Limits (ug/V)
25  56-01 ?ﬁ‘m/l% 100.00 11.99 0.89 0.91 11.45-12.50
26 56-07 ?ﬁ‘m/l% 100.00 11.89 0.88 0.91 11.38-12.39
27  56-02 UEJQQ 99.94 12.06 0.90 0.92 9.78-14.15
28  56-15 vEJ,ﬂu‘ﬁ 85.28 20.59 1.13 1.22 16.03-26.59
29  56-03 QUai’]‘Uﬁ’]‘ﬁ 99.85 14.03 0.94 0.94 12.26-15.84
30 56-13 QUai’]‘Uﬁ’]‘ﬁ 99.98 11.79 0.99 0.94 10.38-13.01
31  56-25 Q‘Uﬁi’]‘lﬁﬁ’]ﬁ 94.99 12.67 1.51 0.98 9.48-16.04
32 56-04 FydzLNY 99.97 13.62 0.92 0.91 12.89-14.31
33 56-14 FydziNY 94.51 15.80 0.87 0.94 13.53-18.42
34 56-12 Y35 98.52 1590  0.88 0.94 13.40-18.95
35  56-30 olass 99.97 9.82 0.90 0.94 7.49-11.74
36  56-31 Ej”]‘lJ’]QL’«J%iy 99.91 10.64 0.98 1.02 8.01-13.05
37  56-34 UATINVEL 87.31 10.15 0.98 0.90 0.12-26.37
38  56-37 UATIIVALN 100.00 10.59 0.94 0.90 10.06-11.10
39  56-62 UNATUIT 99.43 9.03 0.70 0.72 5.34-11.99
40  56-64 UNATUIT 100.00 11.97 0.93 0.95 11.10-12.62
41  56-81 UNATUNT 100.00 10.31 0.83 0.84 9.62-10.93
42  56-85 UNATUNT 100.00 11.38 0.92 0.93 10.69-12.22
43 56-63 mwﬁuéj 79.12 17.54 1.38 1.43 13.16-22.52
a4 56-65 mwﬁuéj 100.00 10.16 0.79 0.81 9.68-10.63
a5  56-88 GG AN 99.75 12.21 1.09 1.03 9.66-14.68




Table 3 Resistance Test of Tribolium castaneum to phosphine in year 2014

13

% mortality Resistance Resistance 95%

No.  Ref. Province (discriminating o Ratio Ratio Confidence
dose: 40 pg/l) e’y (Thai) (Aust.) Limits (pg/0)

1 57-30 qwasmﬁ 99.96 6.07 0.60 0.68 3.53-8.12
2 57-71 qwasmuﬁ 98.19 8.15 1.12 1.21 5.07-10.94
3 57-78 qwasmuﬁ 97.73 9.15 1.04 1.12 2.02-14.10
a4 57-83 EjWiSmu% 75.35 19.22 1.40 1.35 15.46-23.49
5 57-62 Eﬂ“UVIEJ 98.38 12.25 1.50 1.32 9.16-14.61
6 57-70 uATUgY 98.73 7.05 0.97 1.04 4.15-9.52
7 57-73 uATUsY 82.46 9.14 1.26 1.35 3.60-15.31
8 5776 uAIUsU 99.05 8.73 0.99 1.07 6.67-10.62
9 57-72 PYUIN 83.45 15.40 1.26 1.25 4.16-25.67
10 57-77 PYUIN 99.11 8.81 1.00 1.07 6.33-10.95
11 57-04 ﬂﬂ@%U‘Lﬁ 99.99 11.74 0.89 0.86 11.14-12.32
12 57-66 ﬂﬂ@%U‘Lﬁ 99.17 8.30 0.78 0.65 5.89-10.49
13 57-35 ULTINT 99.81 4.93 0.57 0.51 0.11-9.22
14 57-63 WNQe 99.90 10.02 1.23 1.08 5.98-13.04
15 57-87  UAIAISIIUIY 96.21 12.47 0.91 0.88 9.60-15.39
16 57-90  UAIAISIINIY 99.88 8.95 0.87 0.81 4.74-12.60
17 57-92  UASAISITUIY 97.19 9.78 0.96 0.89 0.05-16.47
18  57-91 d3van 99.79 7.43 0.73 0.68 3.33-10.81
19  57-86 d3van 90.82 16.13 1.18 1.13 13.53-19.03
20 57-03 nwWALS 99.01 14.44 1.09 1.05 11.31-17.79
21 57-09 mw?iué: 98.97 13.09 1.03 0.90 10.06-16.20
22 57-10 GG AN 99.80 10.64 1.00 1.15 8.00-13.09
23 57-11 GG EN 99.99 11.57 1.09 1.25 8.96-14.04
24 57-12 GG EN 94.41 13.68 1.08 0.94 9.61-18.20
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Table 3 Resistance Test of Tribolium castaneum to phosphine in year 2014 (cont’d)

% mortality Resistance Resistance 95%

No.  Ref. Province (discriminating ;LJ) Ratio Ratio Confidence

dose: 40 pg/\) (Thai) (Aust.) Limits (ug/V)
25 57-15 NUDIAEY 100.00 12.17 1.15 1.31 11.66-12.68
26 57-22 NUDIAEY 99.98 9.71 1.13 1.01 7.55-11.31
27  57-54 AUDIAY 100.00 10.50 0.98 0.92 7.91-12.42
28  57-55 NUDIAEY 97.79 11.23 1.05 0.99 8.34-14.11
29  57-67 NUDIAEY 100.00 11.38 1.07 0.89 10.50-12.11
30 57-16 e 96.45 9.25 1.08 0.96 3.50-13.94
31 57-27 UNAITANYU 83.80 12.83 1.69 1.46 8.15-17.96
32 57-02 UNATAYU 100.00 14.15 1.07 1.03 12.45-15.74
33 57-38 AN 100.00 9.78 0.89 0.76 7.78-11.25
34 57-39 AN 90.20 10.84 0.99 0.84 6.71-15.11
35  57-58 AN 100.00 9.37 1.15 1.01 8.54-10.07
36 57-40 ?ﬁu%% 100.00 10.62 1.29 0.89 10.01-11.18
37  57-46 ?ﬁu%% 100.00 9.30 0.85 0.72 8.34-10.10
38 57-48 ?ﬁu%% 99.98 7.30 0.90 0.98 3.27-9.66
39 5741 Q‘Uﬁiwmﬁ 99.96 8.83 1.07 0.74 7.13-10.10
a0  57-47 Q‘Uﬁiwmﬁ 100.00 10.35 0.94 0.80 9.66-10.97
41  57-51 E;Uﬁi’l%ﬁﬂﬁ 99.65 7.27 0.90 0.98 4.65-9.39
42 57-59  wuestEg 100.00 8.19 1.00 0.88 7.69-8.61




Table 4 Resistance Test of Tribolium castaneum to phosphine in year 2015
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% mortality Resistance Resistance 95%

No.  Ref. Province (discriminating o Ratio Ratio Confidence
dose: 40 pg/l) e’y (Thai) (Aust.) Limits (pg/0)

1 58-13 uATUsY 99.26 8.31 0.97 0.84 6.61-9.92
2 58-14 uATUsU 99.42 11.03 1.28 1.11 5.42-14.34
3 58-20 iW‘iﬁ 95.75 12.25 1.31 1.14 8.46-15.25
4 58-21 S’FU‘U;% 99.37 11.82 1.27 1.10 9.40-13.73
5 58-23 S’FU‘U;% 97.73 7.97 1.04 0.90 4.29-11.20
6 58-36 RENRN 100.00 12.23 0.82 0.83 10.92-13.45
7 58-37 RENRN 98.10 12.16 1.09 1.03 3.02-17.07
8 48-40 a‘mﬁ 89.82 15.16 1.36 1.28 2.18-23.74
9 58-41 a‘wuﬁ 80.03 19.30 1.73 1.63 14.85-24.77
10 5842 a‘wuﬁ 100.00 11.00 0.99 0.93 6.43-14.63
11 5845 aimﬁ 100.00 7.76 1.15 1.13 2.43-10.13
12 5846 asvys 99.62 7.64 1.13 1.11 1.00-11.93
13 58-22 m::yﬁ]mﬁ 95.82 11.70 1.25 1.09 4.57-17.20
14 58-49 m::yﬁ]mﬁ 64.45 26.08 1.48 1.40 19.16-34.83

15 5851 NYAUYI 9.00 724.68  62.63 78.68 533.98-
16 58-52 mgyﬁ]mﬁ 77.11 20.98 1.81 2.28 16.72-26.11
17 58-66 L‘Wﬂﬁiﬁ 98.00 14.93 1.07 0.97 10.26-19.29
18  58-68 L‘W?ﬁ‘lﬁ 75.23 21.97 1.58 1.42 15.96-29.85
19  58-28 LLFUANT 93.55 12.45 1.03 1.08 9.17-15.91
20  58-29 A5TUMm 100.00 10.36 0.86 0.90 9.65-10.99
21 58-30 UATUIYN 94.01 11.90 0.99 1.03 2.44-18.64
22 5831 U513UY3 100.00 10.60 0.88 0.92 7.90-12.34
23 5801 gd9van 91.42 14.14 0.98 0.79 10.30-18.50
24 58-03 gd9van 95.97 14.32 1.48 1.09 13.04-15.52
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Table 4 Resistance Test of Tribolium castaneum to phosphine in year 2015 (cont’d)

% mortality Resistance Resistance 95%

No.  Ref. Province (discriminating ;LJ) Ratio Ratio Confidence

dose: 40 pg/\) (Thai) (Aust.) Limits (ug/V)
25 5802  UASAISITUIIY 91.15 13.60 0.94 0.76 8.06-18.00
26 58-04  UASAISITUIIY 84.19 15.81 1.63 1.20 6.90-23.57
27  58-08 UASAISITUIIY 99.62 13.82 0.96 0.77 11.44-16.27
28 5850 UASASEIINIIV 92.79 17.60 1.00 0.94 13.78-22.28
29  58-57 NELE 93.24 15.48 1.44 1.43 12.07-18.47
30  58-58 WS 81.06 17.07 1.59 1.58 12.85-21.97
31  58-60 WS 72.20 22.27 1.91 2.19 16.57-29.66
32  58-59 8991y 100.00 9.70 0.90 0.90 7.78-11.10
33 58-05 nI51U 63.89 27.63 1.91 1.54 21.40-35.37
34  58-76 2AT51% 64.32 23.05 1.75 2.07 12.53-37.58
35  58-15 fq'%u‘v]% 99.98 10.48 0.94 0.98 9.72-11.16
36  58-65 vEJfﬂuﬁ 84.25 19.21 1.38 1.24 14.56-23.67
37  58-70 vEJfﬂuﬁ 95.31 13.34 0.96 0.86 9.59-17.42
38  58-75 YUY 100.00 10.91 0.83 0.98 9.63-12.04




