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Effects of adjuvants in low volume spraying by unmanned aerial vehicle on the
deposition distribution of pesticide droplets and control efficiency against Aphis
spiraecola in apple orchards of high-density dwarfing cultivation pattern
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Abstract: To investigate the role of adjuvant in pesticide reduction and synergism, the surface tension
meter, contact angle meter, laser particle analyzer and liquid wettability test card were used to evaluate
their influences on the properties of solution by adding adjuvants in the laboratory. The effect of the
droplets with adjuvant on the deposition and distribution in the canopy of apple trees in the low-anvil
spindle-shaped cultivation model and its effect on the apple aphid Aphis spiraecola were explored. Com-
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pared with distilled water, the property of the chlorpyrifos emulsifiable concentrate (EC) solution pre-
pared for low-volume spraying by unmanned aerial vehicle (UAV) changed significantly, and the sur-
face tension of solution was converted from 71.2 mN/m to 31.7 mN/m, which was decreased by about
55.5%. The contact angle of the solution was also reduced by about 74.3% after spraying apple leaves
for 20 s. In addition, the medium diameter of the droplet volume was significantly increased from
122.4 pm to 142.2 pm, and the spreading coefficient of solution was 4.0 times that of distilled water,
which demonstrated that the solution for low-volume spraying by UAV with adjuvant could effectively
reduce the drift and improve the spread property of fog droplets on apple leaves. In the field experiment,
the average depositions of 40% chlorpyrifos EC and treatment with 20% reduced spraying by UAV
were 0.79 ug/cm’® and 0.70 pg/cm?, respectively; their efficiencies against 4. spiraecola were 72.9% and
71.5% after seven days, respectively. However, the average deposition and control effects increased to
1.89 ng/cm’, 83.8% and 1.14 pg/cm?®, 77.0%, respectively, after 0.5% adjuvant was added in the above
treatments. The results indicated that adding adjuvant could significantly increase the deposition of pes-
ticides on apple trees and improve the efficiency against A. spiraecola. Moreover, when the pesticide
dosage was reduced by 20% with 0.5% adjuvants added, the deposition and control efficiency were bet-
ter than when common dosage was used without adjuvants.

Key words: adjuvant; pesticide reduction and synergism; plant-protection unmanned aerial vehicle; de-

position distribution; Aphis spiraecola; control efficiency
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Fig. 1 Sketch map of the arrangement of droplet test cards in the apple orchard of high-density dwarfing cultivation pattern
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Table 1 The effects of adding adjuvants in chlorpyrifos solution on surface tension, contract angle,

droplet diameter and spreading coefficient
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pesticide adjuvant diameter coefficient
0.00 0.0 71.240.4 a 53.7+0.7 a 122.4409 b 1.0+£0.0 ¢
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Fig. 2 The effect of adding adjuvants in chlorpyrifos solution sprayed by unmanned aerial vehicle on the distribution of
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Fig. 3 The effects of adding adjuvants in chlorpyrifos solution sprayed by unmanned aerial vehicle on the distribution of deposition

at different positions of the apple tree canopy
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Table 2 The effects of adding adjuvants in chlorpyrifos solution on the control efficiency against Aphis spiraecola %
. . Zjf1d Zj)53d Zjf57d
o ZiElkE B : ) i
FEARAL 1 day after treatment 3 days after treatment 7 days after treatment

(g (ai.)/hm?) (%)

i T E % Ay R % Ay R % Ay
Plant protection (,* " b centration B HBLRE  PRARCE ROBEE BRARCR ROBER BRAROE
machinery .. . Population Control Population ~ Control ~ Population ~ Control
of pesticide of adjuvant . . .
decline rate efficacy decline rate  efficacy  decline rate  efficacy

LELES NI ) 200 0.0 74.063.9AB 74.1+4.0AB 77.4+1.6 B 78.0+1.4 BC 70343 B 72.9+3.0 BC
Unmanned 200 0.5 83.4+11.0 AB 83.5+11.0 AB 85.4+4.9 AB 85.8+4.7 AB 82.2+2.3 AB 83.8+5.3 AB
acrial vehicle 160 0.0  714+41B 71.5:41B 754+28B 76.1428C 68.9433B 71.5:23C

160 0.5 74.8+8.4 AB 749484 AB 79.7£5.6 B 80.3+4.8 BC 74.9+9.2 B 77.0+7.0 BC
FI7E Kk 200 0.0 91.9+2.1A  947422A 94.7+0.7A 93.7+0.7A 93.11.0A 92.8+1.0A
WAL
Self-propelled air

assisted sprayer

FP B B E 2 L RS [ R 28 45 Duncan G &2 % 22 A6 B6 AE P<0.01 /K- 25 7 8% . Data are mean+

SD. Different letters in the same column indicate significant difference at P<0.01 level by Duncan’s new multiple range test.
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FITEOLT AORTC N PR 55 7 dJa 3R
I B IR RO IR R T 83.8% , MK THE 48 i Xk A
TERME LR A EWESS 7 d Jo 037 F B 1 57 14 4%
R92.8%., BAREMICN CHLIRA B W% Ui
AR H AW SRS RS TR L ()5
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B KIS HUE BT IA b (285555 ,2015) . B
S (2017) AT T RT3 W AEER 245 W I 78
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