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Abstract It is important to establish the optimum observation time because the toxic response of insect
pesticides may be different depending on the bioassay method over time. In this study, we observed the
mortality of three different types of bioassay methods (root zone treatment, stem dipping, and topical
application methods) by using Nilaparvata lugens and imidacloprid. The mortality was observed every 24 h
for 7 days and we determined median lethal concentration (LCsy) and median lethal time (LTs,). As a result,
LCsy and LT, tended to decrease with increasing time and concentration, respectively. When considering the
regression analysis LCs, vs. observation time and LTs, vs. concentration, the topical application and root zone
treatment methods were effective to reduce the observation time and usage amount of imidacloprid,
respectively. Appropriate observation time point for three bioassay methods was selected by the largest delta
variance of mortalities of each concentration. The results were shown as the 4" day is appropriate for root
zone treatment and stem dipping methods, and 1% day is acceptable for the topical application method. We
compared the resistance ratios by optimum observation time using the imidacloprid resistance strain. The
resistance ratio is constantly less than 2 times based on the optimum observation time, suggesting it is also
helpful for the determination of resistance ratio. In conclusion, the response of pesticides was varied
depending on the bioassay methods and the delta variance of the mortality would useful to establish the
optimum observation time to each bioassay method for various insect pests.
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Fig. 1. Cumulative mortality against imidacloprid by three
different application methods, root zone treatment (A), stem
dipping (B) and topical application methods (C) in Nilaparvata
lugens.
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Fig. 2. Linear regression of LCjs, vs. observation time (A) and
LTs vs. imidacloprid concentration (B), respectively, by three
bioassay methods: root zone treatment, stem dipping and
topical application methods.
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Table 1. LCs, (ppb) by three different bioassay methods in the susceptible strain of N. lugens.

Observation time

Bioassay method (Day) df Slope SE LCs (ppb, 95% CL)
Root zone treatment 1 585 6 nd nd nd
2 585 6 nd nd nd
3 585 6 0.6 0.1 87 (44-254.6)
4 585 6 1.2 0.1 4.2 (2.6-74)
5 585 6 1.5 0.1 1.8 (1-3)
6 585 6 1.3 0.1 0.8 (0.3-1.4)
7 585 6 1 0.1 0.2 (0-0.4)
Stem dipping 1 526 4 1.2 0.3 5875.4 (2410.6-45871.2)
2 526 4 0.9 0.1 3079.7 (948.2-252599.1)
3 526 4 1.4 0.1 308.3 (199.7-589.4)
4 526 4 2.2 0.1 120.6 (80.6-183.6)
5 526 4 33 0.2 69.5 (35.7-146)
6 526 4 3.1 0.2 60.7 (31.2-119.3)
7 526 4 32 0.2 53.5(34.5-81.6)
Topical application 1 210 5 1.2 0.1 592 (341.2-940.3)
2 210 5 1.3 0.1 349.2 (226.5-488.7)
3 210 5 14 0.1 289.7 (229-353.9)
4 210 5 2 0.2 118.2 (55.8-173.1)
5 210 5 1.7 0.2 60.8 (2.4-126.3)
6 210 5 1.5 0.3 253
7 210 nd nd nd nd
300
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Fig. 3. Decision of appropriate mortality observation periods
based on variance and delta-variance.
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Fig. 4. Resistance ratio between susceptible and imidacloprid
resistance strain against imidacloprid by three different bioassay
methods during 7 days.
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Table 2. LTs, (day) by three different bioassay methods in the susceptible strain of N. lugens.

Bioassay method  Concentration (ppb) n df Slope SE LTs (95% CL)
Root zone treatment 0.25 585 5 3.7 0.4 6.6 (4.8-43.8)
0.5 585 5 2.7 0.3 8.4 (5.6-350.3)
1 585 5 3.6 0.3 5.4 (4.5-7.3)
2 585 5 33 0.3 5.6 (4.6-7.8)
4 585 5 5.4 0.4 4.4 (3.4-5.6)
8 585 5 6.6 0.4 3.7(3.5-3.8)
16 585 5 8.9 0.6 3.1 (2.8-3.5)
32 585 5 9.3 0.7 3(2.8-3.1)
Stem dipping 20 526 5 2.9 0.5 13.7 (10.3-24.6)
40 526 5 2.1 0.3 14.4 (10.6-25.7)
80 526 5 2.8 0.3 6.2 (5.6-7.1)
160 526 5 5.6 0.4 2.8(2.1-3.4)
320 526 5 5.4 0.3 2.6 (1.9-3.3)
800 526 5 5.1 0.3 2.2(1.5-2.8)
Topical application 122 210 5 2.7 0.2 2.6 (1.1-4)
244 210 5 2 0.2 2.3(0.9-3.4)
488 210 5 33 0.2 1.7.(0.9-2.4)
976 210 5 2.7 0.2 1.1(0.3-1.7)
1,953 210 5 2.1 0.3 0.5 (0-1.1)
3,906 210 5 2.4 0.3 0.5 (0.1-0.8)
7,812 210 5 4.8 3.7 0.4 (nd)

Table 3. LCs, (ppb) by three different bioassay methods from the imidacloprid resistance strain in N. lugens.

Observation time

Bioassay method (Day) n df Slope SE LCs (ppb)

Root zone treatment 1 720 5 0.8 0.2 68,648 (12,278-6,898,124)
2 720 6 1.2 0.1 1,521 (1,126-2,254)
3 720 6 1.2 0.1 365 (249-586)
4 720 6 1.3 0.1 167 (124-227)
5 720 6 1.5 0.1 100 (70-141)
6 720 6 2 0.1 60 (52-69)
7 720 6 22 0.2 40 (35-45)

Stem dipping 1 180 4 1.3 0.1 89,463 (65,189-139,961)
2 180 4 1.3 0.1 56,727 (30,793-231,210)
3 180 4 1.5 0.1 25,406 (12,089-98,654)
4 180 4 1.7 0.1 13,116 (7,797-22,106)
5 180 4 1.8 0.1 10,564 (6,576-16,282)
6 180 4 2.1 0.1 9,404 (6,445-13,256)
7 180 4 22 0.2 6,722 (4,584-9,242)

Topical application 1 720 6 1.2 0.1 40,960 (27,512-60,621)
2 720 6 1.4 0.1 28,201 (17,105-44,309)
3 720 6 1.6 0.1 17,866 (11,819-25,449)
4 720 6 1.9 0.1 10,149 (6,459-14,344)
5 720 6 2.7 0.2 7,957 (6,148-9,859)
6 720 6 2.8 0.2 6,976 (5,211-8,769)
7 720 6 2.7 0.2 6,731 (4,914-8,552)
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