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Abstract Our study investigated if surfactant adjuvants could modify the proportion of pesticide droplets to
reduce the spray drift distance of unmanned aerial vehicle (UAV) pesticide applications. We quantified the
drift distance using the DRIFTSIM model. A commonly used UAV nozzle (XR8002) was operated at 40 psi.
We diluted commercially available adjuvants at 0.5-4% (v/v) with water to prepare the spray solutions. For each
treatment, droplet spectra were measured in triplicates with a laser diffraction system (DVO0.1, DV0.5/VMD
[Volume Median Diameter], DV0.9, and volume fractions of fine droplets < 100 um and < 215 pm). The
measured DV values were then applied to DRIFTSIM (array-of-droplets mode) to predict the spray drift distance
under a wind speed of 2 m/s at discharge heights of 2 m and 1 m. Among the tested products, spreader-sticker
and paraffin adjuvants increased the VMD and reduced the proportion of fine droplets compared to water
droplets. This indicates low drift potential. To maximize the droplet size and VMD, the optimal dilution rates
were 0.5% for spreader-sticker and 2% for paraffin. At discharge heights of 2 m and 1 m respectively, the
predicted representative drift distances were 7.19 m and 2.52 m for water, 4.31 m and 1.2 m for spreader-
sticker, and 6.26 m and 1.97 m for paraffin. The drift distance for each treatment reduced by approximately
65%, 72%, and 68%, respectively, when the discharge height was lowered to 1 m. Our study results demonstrate
that increased adjuvant-based pesticide droplet size combined with lowered spray discharge height can serve as
an effective strategy to reduce the spray drift distance in UAV pesticide applications.
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Table 1. Lists of test surfactants (tank mix adjuvant)

~
S

e - HEe
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2 (US Department of Agriculture-Agricultural Research Service,
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2291 FLUENT 7RO 7id oA 9715 tifie]
tojeuo]Xel] elatste] HIAAZE d&dte WAoR
WEHAT. o] ZRIHE o]§ahd Hf 200 m71A] 2] H

e e e
%

Hﬂ

11 >
)

H‘

5 Qs

MARE ASE 5 ok 74 A 2N S8 E Dy,
Dyos, Do UE31H BT} A8et vlaAe] 2 A% o9
o] X EAS AU dET 4 AtH(Kruckeberg et al.,
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wEba o] A= ARAY] AF A7) EAS A5

HIAAIZES 19k A=A S AHIE HE s}t oS S
ZA% AY NA F7]5 7|9o Z DRIFTSIMS: 53l A4
T A AT a3E FekE o' Ay flste]
FYPEAL ol & T s FF ol 47‘@}1—‘] H)AF 2174
71 M 1% 71248 E Alwstalalk ek
e L
ANELE 9 HEH

AE =22 fEvelA w98 FAE7 F2 AR
3L QE 80°9] EAZE 15-60 psi 42 W olA g0 7}
5% S FAlE ~xglo] §Ql XR8002(Spraying Systems

Co., Incheon, Korea)o|{tt. ZZHA= Table 10 AAgE vje}

Active ingredient Content Formulation
Spreader-sticker (S) 7% DCY
Polyoxyethylene-methyl polysiloxane (PP) 93% SL»
Polyether modified polysiloxane (PMP) 99% SL
Siloxane (SX) 30% SL
Blend of alkylaryl polyethoxylate and sodium salt of alkyl sulfonate alkylate (BA) 60% SL
Paraffin (P) 24% EW?
Polyoxyethylene alkylarylether+Sodium ligno sulfonate (PS) 10%+20% -9

“Dispersible concentrate, ”Soluble concentrate, “Emulsion, “It is not established formulation.
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Fig. 1. Measurement of droplet size.
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o change data values, just type in new
alues. If unknown.drop velocity may be
calculated;click on droplet velocity box. Enter
spray pressure in the pop-up box

Discharge height (m) 2
Wind velocity (m/s) 2
Relative huridity (2¢) 45

27
Droplet velocity, (m/s) | 20,

Temperature (*C)

Fig. 2. Input data of DRIFTSIM for predicting drift distance.

© Single size droplets

@ Array of droplets (DVs)

© Array of droplets (nozzle)

Enter Drop Size Distribution g

Dv1

1 Orifice IP 2 Orifice
Nozzle Nozzle
Flat fan nozzles:
Enter system pressure
o cormnpute drop
elocity.
Pressure  “elocity

B EKZ
2758 | 20

Dvb Dv.9
LN

Calculate Drift
Distance




46 o5 - HE - UAs| - S5lR - LU - 2Bl - HHR

Endicott, NY, USA) £AZEg|o]S o]&slo] 4519t} 7+
A b AtAtols YA (ANOVA)S 3 sto]

=
AR, F4FL p < 0.052 AH3AT 79 o 050
27F DE 73, Hat 7F ¥ aE Tukey?] TR 277 (Tukey’s s

-0.00

HSD testys AAISIATE B8 A% o4 =17] K 7he] A
HAE 73817 S5k Foj= AT (Pearson’s correlation
analysis)yS T3 3} t}.

--0.25

<100 um (%)
- —-0.50

<215 pm (%) -0.75

-1.00

.

2 J_"I' _T'_,-é

<100 pm (%)
<215 pm (%)

MEF ML AE oY 37| Y EMuS HHs . , ,
A AT olR = . ol5le] By gol =om Elg. 3. Pe?arspn .conelgtlon coefﬁcwpt among various d.roplet
A A2 4 100-200 pm OJSke] EEEo] oW size and distribution ratio of spreader-sticker surfactant solution.

Table 2. Average droplet size distribution rates of surfactant solutions according to dilution rates (n = 3)

Dilution Volume-average diameter (pm) Distribution rate (%)
Substance N
rate (%) Dvo, Dyos Dy <100 pm <215 pm
Water - 100.55 192.07 360.77 9.79 49.09

0.5 139.87 a" 239.00 a 41143 a 1.24b 40.49b
g 1 136.00 ab 235.77 ab 41433 a 1.63 ab 41.96 ab
2 137.17 ab 235.00 ab 406.23 ab 1.44b 42.07 ab

4 130.10 b 226.47b 39520 b 232a 4555a

0.5 89.39a 170.63 ¢ 322.77d 14.68 a 67.56 a

ppo 1 9143 a 181.70 b 367.83 ¢ 13.36b 62.19b

2 91.18 a 187.53 b 41797 b 13.32b 59.23b

4 89.42a 197.77 a 496.60 a 13.80 ab 55.08 ¢

0.5 91.58 ab 177.87 ¢ 33747 ¢ 13.39a 64.45a

PMPY 1 9270 a 19143 b 39493 b 12.57b 5827b

2 90.38 b 187.47b 397.80 b 13.52a 59.52b

4 90.80 b 199.83 a 460.60 a 13.06 ab 54.75¢

0.5 9942 a 190.53 a 350.03 a 10.20 b 59.68 b

Sx® 1 91.01 b 17143 b 317.37b 1391 a 67.69 a
2 94.29 ab 182.37 ab 351.93 ab 12.22 ab 62.54 ab

4 92.79b 182.77 ab 371.73 ab 1293 a 61.85b

0.5 98.04 a 183.90 ab 334.63 b 10.72 b 62.74 a
BAY 1 97.06 a 186.77 ab 347.50b 11.07b 61.12 ab

2 94.77 b 180.40 b 341.07b 12.06 a 63.67 a

4 94.96 b 190.07 a 390.20 a 11.83a 5897b

0.5 108.37 ab 207.83 a 399.03 a 7.32 ab 52.73b

po 1 104.90 ab 197.53 b 373.77b 8.26 ab 56.73 a

2 110.13 a 209.47 a 398.70 a 6.77b 52.17b

4 103.57b 196.20 b 37433 b 8.72a 5720 a

0.5 96.50 b 183.50 ¢ 343.17b 1138a 62.39a
pew 1 101.09 a 189.70 ab 348.37 ab 9.61 b 60.16 be
2 98.64 ab 187.37 be 347.90 ab 10.50 ab 60.89 ab

4 100.80 a 192.70 a 35433 a 9.70 b 58.84c¢

YSpreader-sticker, ®Polyoxyethylene-methyl polysiloxane, “Polyether modified polysiloxane, Siloxane, “Blend of alkylaryl polyethoxylate
and sodium salt of alkyl sulfonate alkylate, "Paraffin, Polyoxyethylene alkylarylether+Sodium ligno sulfonate, ®Polyoxyethylene alkylarylether
+Sodium ligno sulfonate, "The same letter in the same column mean no significant differences within the same surfactant (p < 0.05).
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Table 3. Prediction results of droplet distribution and drift distance using the DRIFTSIM

Drift distance (m)
Substance \?Sg;[;) Portion of volume A;gz;gglg}%m Discharge height
2m Im
35-105 0.01 1.00 10.59 10.479
105-175 0.09 10.00 9.6 3.57
175-217 0.22 32.00 4.65 1.56
217-256 0.17 49.00 3.27 0.89
SY 256-295 0.14 63.00 2.43 0.49
295-334 0.11 74.00 1.84 0.3
334-373 0.08 82.00 1.38 0.2
373411 0.06 88.00 1.05 0.14
411-450 0.12 100.00 0.8 0.1
28-83 0.00 0.00 7.26° 7.39
83-138 0.10 10.00 17.58 7.06
138-193 0.22 32.00 6.6 2.41
193-234 0.20 52.00 3.97 1.24
pY 234-275 0.14 66.00 2.86 0.69
275-316 0.10 76.00 2.09 0.37
316-357 0.07 83.00 1.56 0.23
357-399 0.05 88.00 1.17 0.15
399-440 0.12 100.00 0.87 0.11
25-75 0.00 0.00 6.329 6.349
75-126 0.10 10.00 18.74 8.85
126-175 0.21 31.00 8.24 3.05
175-212 0.19 50.00 4.78 1.62
Water 212-249 0.14 64.00 3.44 0.97
249-286 0.11 75.00 2.58 0.56
286-324 0.08 83.00 1.95 0.33
324-361 0.05 88.00 1.5 0.21
361-398 0.12 100.00 1.16 0.15

“Spreader-sticker, ®Paraffin, “Droplets completely evaporated before deposition
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g7} Az Eo] 7 & B 98-S BT WA, spreader-
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= HAF 939 7|23 e 2 & 4 St} Spreader-sticker

Table 4. Prediction drift distances of measured-VMDs using
the regression equations by the nozzles and discharge height

VMD® Discharge Drift
Substance height Equation distance
(mm)
(m) (m)

y = 32.456e 0% 431

SY 239.00 \
y=25.755¢00% 120

y = 43.890e %" 6.26

PY 20947
y=35.065¢0"% 197

2 y =46.505¢01% 7.19

Water  192.07
ater 1 y=43106¢°0% 252

“Spreader-sticker, "Paraffin, “Volume median diameter

AZA] VMD(239 um)e] HlaHARE ZHE 431 m(2 m),
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1999).
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