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Selection of Aerial Spraying Control Agent and Susceptibility of Pinewood
Nematode Vectors to Spraying Using Unmanned Aerial Vehicles

Junheon Kim*, Sangjune Nam' and Jinyoung Song'

Forest Insect Pests and Diseases Division, National Institute of Forest Science, Seoul 02455, Korea
! Agricultural Corporation JejuChunji, Jeju 63036, Korea

ABSTRACT: The efficacy of spinetoram sprayed from an unmanned helicopter to control two insect vectors of pine wood nematodes,
Monochamus alternatus and M. saltuarius was assessed. By using a ULV (Ultra Low Volume) sprayer, the mortality rates of phenthoate,
bifenthrin, etofenprox, and diflubenzuron, which are registered for use against coleopteran insects, indoxacarb and spinetoram, which
are registered for use against lepidopteran insects, were evaluated for efficacy as aerial spraying agents. The ULV test, using 33- and
55-fold dilutions of phenthoate, bifenthrin, indoxacarb, and spinetoram demonstrated a 100% insect mortality rate upon contact and
feeding mortality on the third day after treatment, while etofenprox and diflubenzuron exhibited a slightly lower mortality rate than the
remaining compounds. Consequently, spinetoram was selected as a candidate pesticide for aerial spraying and its efficacy to control the
insect vectors was assessed. The x 33 dilution of spinetoram resulted in a 98.6-100% control efficacy against two insect vectors.
However, risk assessment for bees following aerial spraying will be necessary before applying the pesticide to control insect vectors.
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Table 1. Registered agrochemicals against Monochamus spp. as aerial spray type

AlL' Primary site of action
Agrochemical i g lassificati
grochemical %) Spraying type Classification (Mode of action classification’)
Thiachloprid 10 ULV, UAV Neonicotinoid nAChR Competitive modulator (4a)
Acetamiprid 10 ULV, UAV Neonicotinoid nAChR Competitive modulator (4a)
.. . Neonicotinoid and nAChR Competitive modulator (4a)
A +B fe 4+1 LV
cetamiprid+Buprofezine > u Thiadiazine Chitin biosynthesis inhibitor type 1 (16)
. . Neonicotinoid and nAChR Competitive modulator (4a)
Acet d+E tin b t 10+6 ULV .
cetamipnérimamectin benzoate Streptomyces product ~ GluCl Channel allosteric modulator (6)
Flupyradifurone 17 ULV, UAV Butenolide nAChR Competitive modulator (4d)

'Active ingredient; 2ULV: Ultra low volume, UAV: unmanned aerial vehicle; *Mode of action code is from the IRAC (IRAC, 2019)
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Table 2. Property of insecticides used in this study
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Holl ARg-aF3lTt. Ald 225-2] A 2]=Kim et al. (2020)2] 4|
LA AT AlHEF0] A ake lsto], oFAl
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274 "l(length 30 cm, diameter 11 cm)o]] @ o] 31, Z} o]

£ AFI0uel 2 2 B2 S XS Bl L, Ay
50 AR 2RS35 2} 9170 ol FolekGonke)

). Hel F AF el ol T, 30 T 45T

A0, 20 2 4351 o) SR Yol gz AT 4

. ., Al? . . Primary site of action WHO US EPA
Agrochemical Formulation Classification . 3 Pesticide . . . 15
(%) (Mode of action code”) Hazard Class* Carcinogenic potential
Phenthoate EC 2 Organophosphate ACHE inhibitor (1b) I Not listed
Etofenprox EC 20 Pyrethroid Sodium channel modulator U Not leély to Be
(3a) Carcinogenic to Humans
i h 1 1
Bifenthrin SC 2 Pyrethroid Sodium ¢ a(r;r;e) modulator I Possible Human Carcinogen
. Chitin biosynthesis inhibitor Group E-Evidence of Non-
Diflubenzuron WP 25 Benzoylurea affecting CHS1 (15) t Carcinogenicity for Humans.
. Voltage-dependent sodium Not Likely to Be
Indoxacarb WP 10 Oxadiazine channel blocker (22) I Carcinogenic to Humans.
. . nAChHR allosteric Not Likely to Be
Spinetoram 5€ > Spinosyn modulator-Site 1 (5) v Carcinogenic to Humans.
Thiacloprid SC 10 Neonicotinoid nAChR modulator (4a) I Likely to Be Carcinogenic to

Humans.

'EC: Emulsifiable concentrate, SC: Suspension concentrate, WP: Wettable powder; 2Active ingredient; ’Mode of action code is from
the IRAC (IRAC, 2019); *List is from the WHO (WHO, 2009), U: unlikely to present acute hazard, II: moderately hazardous; List is

from the US EPA (US EPA, 2021)
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Table 3. Corrected mortality by agrochemicals against Monochamus alternatus

Corrected mortality after treatment according to elapsed days (%, mean+SE)

Direct contact effect Feeding effect
Agrochemical — — — —
x 33 dilution x 50 dilution x 33 dilution x 50 dilution
3 days 7 days 3 days 7 days 3 days 7 days 3 days 7 days
Phenthoate 100a' 100a 100a 100a 100a 100a 100a 100a
Etofenprox 96.7+58a 88.9+5.6b 933+3.3b 88.9+56b 88.1+6.0a 93.4+6.6a 88.1+6.0a 93.4+6.6a
Bifenthrin 100a 100a 100a 100a 100a 100a 100a 100a
Diflubenzuron 90.0+5.8a 83.3+9.6b 100a 100a 76.2+15.82 803+ 11.4a 40.5+£11.9b 53.9+£13.2b
Indoxacarb 100a 100a 100a 100a 100a 100a 100a 100a
Spinetoram 100a 100a 100a 100a 100a 100a 100a 100a
Thiacloprid 100a 100a 100a 100a 100a 100a 100a 100a
Statistical values
F-value
(df=6.14) 2.3333 3.1002 4.0000 4.0000 2.7092 2.3321 20.8107 11.9017
P-value 0.0899 0.0380 0.0153 0.0153 0.0583 0.0900 <0.0001 <0.0001

'The same letters within a column are not significantly different from each other (Tukey’s test at p = 0.05)
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Table 4. susceptibility of Monochamus alternatus and Monochamus saltuariusto spinetoram sprayed with unmanned helicopter at Pinus

densifloraforest
3 days after treatment 7 days after treatment
Tree Insect Place  Treatment  Survival rate Corrected mortality ~ Survival rate  Corrected mortality
(%, mean=SE) (%, mean=SE) (%, mean=SE) (%, mean=SE)
S Spinetoram  15.5 £ 2.2%%* 83.4+24 QFx* 100
Monochamus S Control 933+1.9 - 79.0£3.0 -
alternatus J Spinetoram ~ 14.5 +2.2%** 824+ 1.1 11+ 1 %** 98.6+ 1.4
Pinus J Control 82.2+1.1 - 80.0+3.3 -
densiflora S Spinetoram  14.4 + 1.1%%* 82.4+1.4 0* 100
Monochamus S Control 82.2+1.1 - 80.0+5.1 -
saltuarius J Spinetoram  15.5 + 2.2%** 82.5+2.5 QFx* 100
J Control 889+1.1 - 85.6x1.1 -

Place: S: Seogwipo, J: Jeju, ***: Spinetoram and control are highly significant different (z-test, p <0.001)
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