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B BRI - R ER 2 RGBT

Table 1. Bacillus thuringiensis (BT) products and adjuvants used in this study

Abbreviation in

BT product names Formulation  Potency thi

is study
B. thuringiensis subsp. kurstaki ABTS-351  54% WGV 32,000 TUY/mg Btk ABTS-351
B. thuringiensis subsp. kurstaki E-911 60% WP? 30,000 DBMU*/mg Btk E-911
B. thuringiensis subsp. kurstaki SA-11 85% WG 32,000 IU/mg Btk SA-11
B. thuringiensis subsp. kurstaki SA-12 70% WP 16,000 IU/mg Btk SA-12
B. thuringiensis subsp. aizawai Ab12 60% WP 30,000 DBMU/mg Bta Abl2
B. thuringiensis subsp. aizawai ABTS-1857 48.1% WG 35,000 DBMU/mg Bta ABTS-1857
B. thuringiensis subsp. aizawai NB-200 54% WG 15,000 TU/mg Bta NB-200
Adjuvant product names Formulation  Potency Ab?gfsvéiﬁlg; m
Kao Adjuvant A-200 Solution Not Available K-A-200
Feng Zhan Solution Not Available FY-FZ
Nian Di Solution Not Available SN-ND
Mai Fei Solution Not Available GAC-MF
Narrow range oil 99% EC Not Available AG168-NRO

D WG: Water dispersible granules (WG); a solid, non-dusty, granular formulation that consists of granules
which disperse or dissolve quickly to form a fine particle suspension in water.

)

WP: Wettable powder (WP); a powder formulation that forms a suspension after being dispersed in water.

w

IU: International unit (IU); a unit of measurement that describes the effects or biological activities of a
substance.

49 DBMU: Diamondback moth unit (DBMU); a unit of measurement that describes the effects or biological
activities of a substance.
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Table 2. Basic parameters of unmanned aerial vehicles (UAVs) used in this study

Classification

Parameters

UAV model / I A B8
Dimensions / ¥ Hi#%(cm)

Weight / #8555 (kg)

Maximum Take off Weight / fx KHEFRE £ (kg)
Number of Propellers / #EEE8(blade)
Number of Rotors / [EF2E)

Rotor Diameter / fjg2 B (cm)
Nozzle Distance / HEGEFERE(cm)
Number of Nozzle / HEHEEE
Nozzle type / FEHEAIE

Water Pump Opening / 7KZEBHEE (%)
Spraying height / WEJETRTT =15 (m)

7A Drones Co., Ltd * UAV model A610J
120(including propeller 175) x 156 x 80
14.73(Unloaded weight)

24.48

16

293 x5.15
375

TeeJet XR11001-VS
50

2(above the water surface (crop))
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A D

Level 0 Level 1 Level 2 Level 3 Level 4
No symptoms 0-6% 7-12% 13-39% >40 %
B— EElEXRERZREENRET - EEREXRERCER  BKELRTE
ETOR BREERWT 0 R ERRRE 1 K ERFXFEER 0-
6% 2 A ERREEER 7-12% 0 3 B ERREEER 13-39% 0 4 0 E
RREEEARR 40% BLE -

Fig. 1. Damage severity rating scale of anemone leaves.

Level 0: leaves without symptoms, Level 1: damaged area of leaves was 0-6%, Level
2: damage area of leaves was 7-12%, Level 3: damaged area of leaves was 13-39%,

and Level 4: damaged area of leaves was greater than 40%.

K= FABNEEMBESWE X LBTAUKED SZ 2 EWRTE
Table 3. Bioassay of Parapoynx crisonalis larvae which were fed anemone leaves sprayed with
Bacillus thuringiensis products

No. of larvae tested Cumulative Mortality (%) P
Sample
(n) 48 hours 72 hours 120 hours

Btk? ABTS-351 15 333+189a 53.3+24.9ab 100.0+0.0 a
Btk E- 911 30 10.0+8.20b 20.0+ 820 ¢ 333+4.7c¢
Btk SA- 11 30 333+17.0a 433+470b 86.7+94a
Btk SA- 12 30 6.7+4.70 b 20.0+8.20c¢ 36.7+4.7c
Bta® Ab12 30 10.0+0.00 b 16.7 +9.40 be 533+470b
Bta ABTS-1857 30 333+17.0a 733+£470a 90.0+82a
Bta NB-200 15 40.0+163a 66.7+249a 86.7+189a
0.1% Tween 20 45 22+370b 89+10.0c 13.3+9.44d
Water control 105 3.8+7.60b 3.8+7.60c 3.8+7.6d

D Cumulative Mortality (%) (Mean + SE) , Means in the same time column that are followed by the same
small letter were not significantly different (LSD, o = 0.05).
2 Btk: Bacillus thuringiensis subsp. kurstaki.

3) Bta: B. thuringiensis subsp. aizawai.
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Fig. 2. The (A) coverage and (B) number of droplets deposited on water-sensitive paper with
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Fig. 3.
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different water volumes sprayed by unmanned aerial vehicle (UAV). Thirty pieces of

water sensitive paper were placed within a 600 cm distance. The size of water sensitive

paper was 988 mm?2. Water volumes were 40, 60, and 80 L/ha, respectively.
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Variation of contact angles on anemone leaf surfaces treated with Bacillus

thuringensis ABTS-351 products containing five different adjuvants (diluted 1,000

times).
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Fig. 4. The efficacy of using UAV to spray B. thuringiensis subsp. kurstaki (Btk) ABTS-351

with and without K-A-200 adjuvant to control Parapoynx crisonalis in potting test.

B S ELN N8 R iz ZE TR R 2 A B 48 T UK IR BTG

Assessment indicators included (A) numbers of P. crisonalis nests, (B) number of live
larvae, and (C-E) insect growth 168 hours after pesticide application. There were
significant difference in insect size among samples treated with (C) Btk ABTS-351
(D) Btk ABTS-351 with K-A-200 adjuvant, and (E) Water (control). Scale bar = 5
mm. Data values are means + standard error, whereby different letters represent

significantly different results according to LSD at p < 0.05.
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Fig. 5. The efficacy of using UAV to spray Btk ABTS-351 with and without K-A-200

R (1.16£0.00%)

adjuvants to control Parapoynx crisonalis in field trials.

Assessment indicators included: (A) The nesting rate of P. crisonalis and (B) the
severity of anemone leaf damage caused by P. crisonalis. Water was used as a control.
The abbreviations 0DBA1, 7DAAI1, 7DAA2 and 7DAA3 mean 0 day before 1st
application, 7 day after 1st application, 7 day after 2nd application and 7 day after 3rd
application, respectively. Values that are associated with the same time point on the
same line graph and are followed by the same letter were not significantly different
(LSD, a = 0.05).
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Appendix Fig. 1. UAV flight path map of spraying test.
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Appendix Fig. 2. Schematic diagram of field trials performed in this study.
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UAYV Application of Bacillus thuringiensis to
control Parapoynx crisonallsin Anemone
Crops

Shang-Wei Yang'", Wei-Ti Tseng!, Nien-Chia Li!, Pin-Chun Chen !, Shi-Xun Lin', Li-

Hsin Huang!

Abstract

Yang, S. W,, Tseng, W. T., Li, N. C., Chen, P. C,, Lin, S. X,, and Huang, L. H. 2024. UAV
application of Bacillus thuringiensis to control Parapoynx crisonalis in anemone crops. Taiwan
Pestic. Sci. 17: 19-41.

Nymphoides hydrophylla, commonly known as anemone, water skin lotus, or crested
floating-heart, is an aquatic crop of Taiwan that is grown in ponds. Statistical data indicates
that the total area of cultivated anemone in the Meinong region of Kaohsiung currently
exceeds 180 hectares. In recent years, an insect pest was identified as Parapoynx crisonalis
on anemone leaves. P. crisonalis is capable of damaging crops by feeding and nesting. The
current study screened Bacillus thuringiensis (Bt) products to determine their efficacy
against P. crisonalis. Our laboratory results showed that Bt products based on B.
thuringiensis subsp. kurstaki (Btk) achieved 100% larval mortality within 120 hours of
feeding. —And then, we conducted field efficacy trials, using unmanned aerial vehicles
(UAVs) to apply Bt products. UAV application parameter tests revealed that the effective
spray width was 2.73 £ 0.92 meters, and water volume was 40 L per hectare. During later
anemone growth stages, field efficacy trials with UAV were carried out at a flight speed of
2.6 m/s and a spray width of 2.7 meters. Results confirmed the field efficacy of UAV-
sprayed Bt against P. crisonalis, with Bt treatments significantly reducing the nesting rate

of P. chrisonalis and the leaf damage to anemones. This study is the first study on the
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application of UAVs in the insect pest control of anemone crops. Findings from this study
should benefit pest control efforts in anemone crops in the future.
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