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Fig. 1. Research framework and testing protocols used to investigate additional physico-

chemical specifications of pesticides used in UAV spraying.
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Table 1. List of tested pesticides

Active ingredient Formulation type Content (%) Brand code"
Imidacloprid SL 9.6 A,B,C
Kasugamycin + copper oxychloride WP 81.3 A,B,C
Tribasic copper sulfate SC 27.12 A, B
Methomyl SP 40 A,B,C

) The same brand code shown for multiple active ingredients does not necessarily indicate that these

pesticides were produced by the same manufacturer.
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Table 2. Results of wet sieving tests involving both the water-saving method and the general

method for 11 pesticide formulations

. - . Result!
Pesticide formulation Formulation  Dilution rate in -
esticide tormulatio type UAV spraying General Water-saving
method method
Imidacloprid-A SL 6.67 C N
Imidacloprid-B SL 6.67 C C
Imidacloprid-C SL 6.67 C N
(Kasugamycin + copper WP 8 C C
oxychloride)-A
(Kasugamycin + copper WP 8 C C
oxychloride)-B
(Kasugamycin + copper WP 8 C C
oxychloride)-C
Tribasic copper sulfate-A SC 4 C C
Tribasic copper sulfate-B SC 4 C C
Methomyl-A SP 12.66 C C
Methomyl-B Sp 12.66 C c?
Methomyl-C SP 12.66 C C

D C indicates that the pesticide formulation complied with the specification requirement; N indicates that

the formulation did not comply with the specification requirement.

) The amount of residue on the sieve was close to the limitation of specification.
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Fig. 2. Comparison of wet sieving test results for imidacloprid A. The upper picture shows

results from the general method, in which only a little residue remained in the beaker

after drying. The lower picture shows results from the water-saving method, in

which a large amount of residue remained in the beaker after drying.
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Table 3. Results of wet sieving tests on imidacloprid A and methomyl B formulations

Wet sieving Pesticide Sample weight Residual weight Residue percentage
method formulation (g) (2) (%)
General-1 Imidacloprid-A 26.47 0 0

General-2 Imidacloprid-A 26.46 0 0 0
General-3 Imidacloprid-A 26.44 0 0

Water-saving-1 Imidacloprid-A 26.47 1.12 4.23

Water-saving-2 Imidacloprid-A 26.47 1.25 4.72 4.48+0.25
Water-saving-3 Imidacloprid-A 26.47 1.19 4.50

General-1 Methomyl-B 12.86 0.08 0.62

General-2 Methomyl-B 12.87 0.08 0.62 0.73+0.18
General-3 Methomyl-B 12.86 0.12 0.93

Water-saving-1 Methomyl-B 12.86 0.26 2.02

Water-saving-2 Methomyl-B 12.86 0.21 1.63 1.81+0.20
Water-saving-3 Methomyl -B 12.87 0.23 1.79
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Table 4. Results of laser diffraction particle size analysis

Particle size distribution Result of wet sieving test?

Pesticide formulation Water-savin General

d30 (um) 90 (um) method ¢ method
Imidacloprid-A? 75.2 152.0 N C
Imidacloprid B? = = C C
97.8 219.0 N C
(Kasugamycin + copper oxychloride)-A 5.4 25.7 C C
Tribasic copper sulfate-B 0.173 0.238 C C
Methomyl-A? 374 101.9 C C

"'\-_.

Methomyl-B? 84.5 235.1 C C

Methomyl c?

153 72.9 C C

D C indicates that the pesticide formulatlon complied with the specification requirement; N indicates that
the formulation did not comply with the specification requirement.

2) The picture shows the state of tested imidacloprid and methomyl products after standing for 30 minutes.
3) The signal was too weak to be detected.
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Fig. 3. Particle size distributions in dilute solutions of 3 tested pesticides at standing times
of 1 and 30 minutes, respectively. (A) Imidacloprid-A, (B) (Kasugamycin + copper

oxychloride)-A, (C) Methomyl-A.
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Table 5. Results of persistent foaming tests showing dilution rates in ground spraying and UAV

spraying applications, respectively.

Dilution rate in

Dilution rate in UAV

Pesticide formulation . Result! . Result?
ground spraying spraying

Imidacloprid-A 1,500 C 6.67 C

Imidacloprid-B 1,500 C 6.67 N

Imidacloprid-C 1,500 C 6.67 C

(Kasugamycin + copper 750 C 8 N
oxychloride)-A

(Kasugamycin + copper 750 C 8 N
oxychloride)-B

(Kasugamycin + copper 750 C 8 N
oxychloride)-C

Tribasic copper sulfate-A 500 C 4 C

Tribasic copper sulfate-B 500 C 4 C

Methomyl-A 800 C 12.66 C

Methomyl-B 800 C 12.66 C

Methomyl -C 800 C 12.66 N

D C indicates that the pesticide formulation complied with the specification requirement; N indicates that

the formulation did not comply with the specification requirement.
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Results of a persistent foaming test performed on (kasugamycin + copper
oxychloride)-A(WP). Upper photos show the pesticide solution at a dilution rate of 8
(i.e., the dilution rate used in UAV spraying) before mixing (left), after mixing
(middle) and after the addition of an antifoaming agent (right). Lower photos show
the pesticide solution at a dilution rate of 750 (i.e., the dilution rate used in

traditional applications).
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Table 6. Results of specification inspections for 11 pesticides that can be applied via UAV

spraying

.. . Wet sieving test
Pesticide formulation &

(water-saving method)

Persistent foaming Total result

Imidacloprid-A N
Imidacloprid-B C
Imidacloprid-C N
(Kasugamycin + copper C

oxychloride)-A

Q

(Kasugamycin + copper
oxychloride)-B

Q

(Kasugamycin + copper
oxychloride)-C

Tribasic copper sulfate-A
Tribasic copper sulfate-B
Methomyl-A
Methomyl-B
Methomyl-C C

ORIoRIONEe!

C N
N N
C N
N N
N N
N N
C C
C C
C C
C C
N N

* C indicates that the pesticide formulation complied with the specification requirement; N indicates that

the formulation did not comply with the specification requirement.
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Table 7. Comparison of inspection item requirements for pesticide formulations that have UAV
application potential in persistent foaming and wet sieving tests between ground and

UAYV pesticide applications !

Requirement of specification

Recommended requirement

Formulation Formulation type _ standard _ wh_en UAV applica.tio_n
code Persistent Wet sieving® Persistent Wet sieving?
foaming? foaming?

EC Emulsifiable concentrate R N R N
EW Emulsion, oil in water R N R N
ME Micro-emulsion R N R N
DC Dispersible concentrate R R R R
SC Suspension concentrate R R R R
SE Suspo-emulsion R R R R
SL Soluble concentrate R N R R
SG Water soluble granule R R R R
SP Water soluble powder R R R R
ST Water soluble tablet R R R R
WG Water dispersible granules R R R R
WP Wettable powder R R R R
WT Water dispersible tablet R R R R
OD Oil dispersion R R R R
D R: required; N: not required.
2) Performed using the lowest dilution rate of a given application method.
3) General method.
4 Water-saving method.
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Physico-Chemical Specification
Requirements for Pesticide Formulations
Applied by Unmanned Aerial Vehicles -
Discussion on Fineness and Persistent

Foaming
Wei-Ti Tseng'!, Chih-Min Chiang!, Feng-Chia Hsieh', Chih-Yuan Nien!"

Abstract

Tseng, W. T., Chiang, C. M., Hsieh, F. C. and Nien, C. Y. 2023. Physico-chemical specification
requirements for pesticide formulations applied by unmanned aerial vehicles - discussion on
fineness and persistent foaming. Taiwan Pestic. Sci. 14: 1-22.

Unmanned aerial vehicles (UAVs) have become a powerful pesticide application
tools for large-scale farming in recent years. In Japan, spraying solutions for UAVs are
prepared according to the recommended dosage per unit area. The dilution rate used in
UAYV spraying is lower than that used in conventional ground spraying methods. In
practice, if the active ingredients or other ingredients have poor water solubility, problems
that affect application efficacy may arise, such as a blocked nozzle or poor spray
uniformity. It is therefore necessary to consider additional requirements when conducting
physico-chemical specification tests on pesticides used in UAV spraying. In this study,
additional specification tests were conducted on 11 pesticide formulations that had
performed poorly in previous UAV tests. We mainly conducted wet sieving tests (using
both a water-saving method and a general method) and persistent foaming tests. In wet
sieving tests, samples retained on sieves were collected and analyzed by high performance
liquid chromatography (HPLC) in order to confirm active ingredient contents contained in

residues. HPLC results revealed that 11 pesticide formulations suspected of blocking spray
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nozzles following the general method in wet sieving test did not actually cause nozzle
blockage. Indeed, the water-saving method can distinguish among pesticides that do and
do not cause nozzle blockage. Results of HPLC analysis also revealed that residues
retained on sieves primarily contained active ingredients. In persistent foaming tests, 5 of
the 11 pesticides failed at the lowest dilution rate used in UAV spraying. Those
formulations easily foamed when diluted with water, which can be very inconvenient for
spray applications. In conclusion, we recommend that, in determining which pesticides can
be applied via UAV spraying, fineness specification should be inspected by water-saving
method. This will ensure that nozzles remain unblocked in UAV applications. We also
recommend that antifoaming agents are added to pesticide solutions to facilitate convenient

use in spray applications.

Key words: UAV, physico-chemical specification, wet sieving test, persistent foaming



