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Abstract The citrus flatid planthopper, Metcalfa pruinosa, is a pest native to North America. In Republic
of Korea, M. pruinosa damages a wide range of various crops and trees in agricultural areas and forests. Due
to this widespread damage, many insecticides have been registered and used against M. pruinosa. Our study
examined the responses of different regional populations of M. pruinosa to five insecticides. We used M.
pruinosa nymph collected from trees in 18 cities and counties. The efficacy of five insecticides to control M.
pruinosa varied by test host tree species and collection region. Cypermethrin and sulfoxaflor demonstrated
high efficacy with elevated mortality of M. pruinosa across all the regional tree populations, while flonicamid
and pyrifluquinazon induced relatively low pest mortality. Further research is needed to determine whether
local populations of M. pruinosa develop insecticide resistance. When treated with the five insecticides to
control M. pruinosa, unregistered host plants (Acer palmatum, Euonymus japonicus, Hibiscus syriacus and
Rhododendron indicum) revealed varied efficacy responses depending on the tree species, testing region, and
insecticide used. Over 90% pest control was observed in all the tree species and regions when treated with
cypermethrin and sulfoxaflor. To test insecticide efficacy on forest trees, we recommend registering insecticides on the
basis of efficacy evaluations of affected representative trees rather than on the basis of efficacy evaluations of
individually affected tree species.
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Table 1. List of insecticides used in the experiment
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Pesticide IRAC que of action Active ingredient Recommended concentration
classification (%) (% fold)
Flonicamid WG 29 10 2000
Cypermethrin EC 3a 1000
Sulfoxaflor WC 4c 2000
Pyrifluquinazon SC 9b 6.5 2000
Thiacloprid SC 4a 10 2000
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Fig. 1. Laboratory bioassay method using Euonymus japonica branch for Metcalfa pruinosa (A) and appearance of nymph settled on
Euonymus japonica branch (B).

Table 2. Citrus flatid planthopper field bioassay test species, test locality, and weather conditions on the day of pesticide treatment

Weather conditions on the day of test

Experimental tree species Test locality Test date

Precipitation Max. temp. Min. temp. Mean temp.
(mm) °0) (°C) (°C)
Jinj June 22 - 33.1°C 22.2°C 26.9°C
Rhododendron indicum ln_]u' une

Sangju June 10 - 35.2°C 21.0°C 27.6°C
) . Jinju June 24 - 35.0°C 22.2°C 27.5°C

Euonymus japonicus )
Sangju June 10 - 35.2°C 21.0°C 27.6°C
Jinju June 24 - 35.0°C 22.2°C 27.5°C

Acer palmatum .
Sangju June 12 - 33.3°C 19.5°C 26.1°C
i ) Sacheon June 25 - 33.7°C 22.1°C 27.6°C
oiseus syracus Sangju June 12 ; 33.3°C 19.5°C 26.1°C
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Table 3. Analysis of factors affecting mortality, including locality, insecticide and all interactions

3 days after treatment 7 days after treatment

Source df
Mean square F-value Pr>F Mean square F-value Pr>F
Locality (L) 17 1501.49 15.03 <0.0001 347.31 8.27 <0.0001
Insecticide (I) 4 36296.96 363.34 <0.0001 16634.69 396 <0.0001
LxI 68 31239.45 4.6 <0.0001 264.02 6.29 <0.0001
Table 4. Mortality of Metcalfa pruinosa at 3 days after insecticide treatment in laboratory
% corrected mortality (mean + SD)
Population
Cypermethrin Flonicamid Pyrifluquinazon Sulfoxaflor Thiacloprid
Boeun 96.5+6.1aA? 8.8+3.0bC 42.149.1bA 89.5+18.2aAB 45.6+29.0bEF
Buyeo 100.0+0.0aA 51.7£7.6bcA 41.7£16.1cA 96.7+2.9aAB 68.3£5.8bB-F
Damyang 100.0£0.0aA 48.3+£7.6cAB 48.3+10.4cA 98.3+2.9aA 75.0+5.0bA-E
Gimcheon 98.3+2.9aA 45.0+£13.2cAB 58.3+11.5bcA 88.3+11.5abABC 45.0+18.0bcEF
Gochang 100.0£0.0aA 56.7+10.4bcA 53.3+7.6cA 100.0+0.0aA 75.0+10.0bA-E
Gongju 100.0+0.0aA 41.7£7.6bAB 55.0+5.0bA 98.3+2.9aA 91.7+7.6aABC
Hamyang 100.0£0.0aA 45.0+£10.0cAB 58.3+2.9bA 100.0£0.0aA 96.7+2.9aAB
Hwasun 100.0£0.0aA 48.3+12.6bAB 58.3+20.2bA 100.0£0.0aA 93.3+7.6aABC
Icheon 100.0£0.0aA 6.7+5.8dC 36.7+7.6cA 80.0+8.7bABC 30.0£8.7cF
Iksan 100.0£0.0aA 58.3+2.9bA 46.7£14.4bA 98.3+2.9aA 65.0+8.7bDEF
Jeongeup 100.0+0.0aA 36.2+10.8cAB 27.6+13.7cA 100.0+0.0aA 86.2+10.8bA-D
Jinju 100.0+0.0aA 46.6+7.9bAB 31.0+15.8bA 94.8+5.2aAB 41.4+13.0bEF
Nambhae 100.0£0.0aA 41.7£2.9cAB 45.0+£13.2cA 96.7+2.9aAB 78.3+11.5bA-E
Okcheon 98.3+2.9aA 20.0+13.2¢BC 31.7+7.6bcA 70.0+8.76BC 46.7+10.4bcDEF
Seocheon 100.0£0.0aA 46.7+5.8bcAB 28.3+2.9cA 96.7+5.8aAB 68.3+10.4bB-F
Suncheon 100.0£0.0aA 58.3+7.6bA 51.7+10.4bA 100.0£0.0aA 96.7+5.8aA
Wonju 95.0+8.7aA 40.0+£15.0bAB 46.7+5.8bA 53.3+29.3bC 45.0+13.2bEF
Yeoju 100.0+0.0aA 40.0+£15.0bAB 58.3+12.6bA 53.3+15.3bC 28.3+5.8bF

“Means associated with the same lowercase letter in each same column for each insecticide and the same uppercase letters in the same row for

each locality are not significantly different (Tukey’s HSD test, p < 0.05).
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Table 5. Mortality of Metcalfa pruinosa at 7 days after insecticide treatment in laboratory

% corrected mortality (mean + SD)

Population

Cypermethrin Flonicamid Pyrifluquinazon Sulfoxaflor Thiacloprid
Boeun 98.2+3.1aAB? 29.8+8.0cC 84.24+5.3bA 100.0£0.0aA 71.9+10.9bCDE
Buyeo 100.0+0.0aA 71.7£18.9bcAB 60.0£8.7bBCD 100.0£0.0aA 70.0+5.0bCDE
Damyang 100.0£0.0aA 63.3+7.6cAB 61.7+7.6cBCD 100.0+0.0aA 85.0+5.0bA-E
Gimcheon 100.0+0.0aA 66.7+3.0bAB 73.7+5.3bAB 96.5+3.1aAB 61.4+11.0bDE
Gochang 100.0+0.0aA 76.7+2 9bcAB 66.7+7.6cABC 100.0£0.0aA 80.0+5.0bA-E
Gongju 100.0£0.0aA 58.3+2.9bAB 60.0+5.0bBCD 100.0£0.0aA 93.3+7.6aABC
Hamyang 100.0+0.0aA 71.7+11.5bAB 58.3+2.9bBCD 100.0+0.0aA 96.7+2.9aA
Hwasun 100.0+£0.0aA 75.0£13.2bcAB 70.0+10.0cAB 100.0+0.0aA 93.3+7.6abABC
Icheon 90.0+5.0aB 51.7+7.6bBC 63.3+2.9bBCD 90.0+5.0aBC 61.7+5.8bDE
Iksan 100.0+0.0aA 66.7+2.9bAB 63.3+5.8bBCD 98.3+2.9abA 68.3+12.6bCDE
Jeongeup 100.0£0.0aA 60.0+£17.5cAB 58.2+6.3cBCD 100.0£0.0aA 87.3+12.6bA-D
Jinju 100.0+0.0aA 61.7+11.5bAB 48.3£12.6bCD 95.0+5.0aAB 51.7+10.4bE
Nambhae 100.0+0.0aA 53.5+13.2cABC 55.242.9cBCD 100.0+0.0aA 77.6+12.0bA-E
Okcheon 100.0+0.0aA 80.0+0.0bA 75.0+8.7bAB 95.0+5.0abAB 83.3+2.9bA-E
Seocheon 100.0+0.0aA 56.7+£5.8cABC 45.0£5.0cD 100.0+0.0aA 76.7+10.4bB-E
Suncheon 100.0+0.0aA 68.3+2.9bAB 56.7+5.8bBCD 100.0+0.0aA 96.7+5.8aA
Wonju 100.0£0.0aA 65.0+£0.0bAB 60.0+8.70BCD 78.3+7.6bC 66.7+10.4bDE
Yeoju 100.0£0.0aA 71.7£2.9cAB 75.0+£0.0cAB 90.0+0.0bC 53.3+7.6dE

“Means associated with the same lowercase letter in each same column for each insecticide and the same uppercase letters in the same row for

each locality are not significantly different (Tukey’s HSD test, p < 0.05).
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Table 6. Analysis of variance for main effects and interaction of insecticide, tree species and locality in mortality of Metcalfa pruinosa
after 3 days of treatment

Source df Type I SS Mean Square F Value Pr>F
Insecticide (X1) 4 35319.19117 8829.79779 322.59 <.0001
Tree species (X2) 3 1632.231 544.077 19.88 <.0001
Locality (X3) 1 3054.243 3054.243 111.58 <.0001
X1*¥X2 12 1459.5815 121.63179 4.44 <.0001
X1*X3 4 9537.28117 2384.32029 87.11 <.0001
X1*¥X2*X3 15 1662.97583 110.86506 4.05 <.0001

Table 7. Analysis of variance for main effects and interaction of insecticide, tree species and locality in mortality of Metcalfa pruinosa
after 7 days of treatment

Source df Type I SS Mean square F Value Pr>F
Insecticide (X1) 4 12348.19117 3087.04779 286.74 <.0001
Tree species (X2) 3 1230.43692 410.14564 38.1 <.0001
Locality (X3) 1 4400.77408 4400.77408 408.77 <.0001
X1*¥X2 12 5914.87683 492.9064 45.78 <.0001
X1*X3 4 4077.69217 1019.42304 94.69 <.0001
X1*X2*X3 15 5752.00875 383.46725 35.62 <.0001

Table 8. Insecticide efficacy against Metcalfa pruinosa according to the tested trees and regions after 3 days of treatment

% corrected mortality (mean + SD)

Insecticde Acer palmatum Euonymus japonicus Hibiscus syriacus Rhododendron indicum
Sangju Jinju Sangju Jinju Sangju Sacheon Sangju Jinju
Cypermethrin 87.8+6.2abC” 100.0+0.0aA 98.0+3.5aAB  100.0+0.0aA 92.6+3.1aBC  100.0+0.0aA 99.3+1.2aA 100.0+0.0aA
Flonicamid 74.8+6.2bA 40.5+6.3¢C 69.842.0cAB  43.3£7.6dC 49.0£13.0cBC  42.2+10.8cC  83.2+3.1bA 51.7+6.7¢BC
Pyrifluquinazon ~ 76.9+3.1bAB  31.7+4.4cD 87.3+8.1abcA  40.6£3.4dCD  59.1+6.5bcBC  32.2+4.2cD 76.5£7.1bAB  43.9+6.7¢cCD
Sulfoxaflor 91.842.1aA 92.24+4.2bA 94.6+6.2abA  95.0+1.7bA 89.241.2aA 89.4+2.0bA 83.2+6.1bA 95.0+3.3bA
Thiacloprid 83.7+5.4abAB  76.1+5.4bB 77.2+6.2bcB 81.7+4.4cAB  73.8+2.0bB 80.0+4.4bAB  80.6+3.1bAB  91.1+5.4bA

“Means associated with the same lowercase letter in each same column for each region and the same uppercase letters in the same row for each insecticide
treatment are not significantly different (Tukey’s HSD test, p < 0.05).

Table 9. Insecticide efficacy against Metcalfa pruinosa according to the tested trees and regions after 7 days of treatment

% corrected mortality (mean + SD)

Insecticde Acer palmatum Euonymus japonicus Hibiscus syriacus Rhododendron indicum
Sangju Jinju Sangju Jinju Sangju Sacheon Sangju Jinju
Cypermethrin 93.241.2aC? 100.040.0aA  100.0+£0.0aA 100.0+ 0.0aA  95.3+1.2aB 100.0£0.0aA  100.0+0.0aA  100.0+0.0aA
Flonicamid 81.0£3.1bB 50.0+6.2dE 84.6+1.2cAB 60.6+3.4dDE  75.2+4.2cBC 51.745.9dE 92.0+2.1bA 68.9+6.3¢cCD
Pyrifluquinazon 83.0+£3.1bB 42.0£2.0dD 93.7£2.1bA 53.9+£5.1dC 85.9+2.0bcB 41.0+£2.9eD 83.243.1cB 59.4+5.1cC
Sulfoxaflor 94.6+1.2aB 94.34+2.6bB 99.3+1.2aA 96.1x1.0bAB  92.6+3.1abB 91.6+1.7bB 90.6+3.1bcB 97.2+1.9bAB
Thiacloprid 91.2+2.4aAB  79.9+6.6cB 90.2+3.2bcAB  86.6+2.9cAB  81.2+6.2cB 83.14£2.9cAB  84.6t4.6bcAB 92.8+2.5bA

“Means associated with the same lowercase letter in each same column for each region and the same uppercase letters in the same row for
each insecticide treatment are not significantly different (Tukey’s HSD test, p <0.05).
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