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Effects of spraying parameters of small plant protection UAV on
droplets deposition distribution in citrus canopy

CHEN Shengde', LAN Yubin', ZHOU Zhiyan', LIAO Juan', ZHU Qiuyang’

(1 National Center for International Collaboration Research on Precision Agricultural Aviation Pesticides Spraying
Technology/Engineering Research Center for Agricultural Aviation Application / International Laboratory of Agricultural
Aviation Pesticide Spraying Technology/College of Engineering, South China Agricultural University, Guangzhou
510642, China; 2 Guangzhou Tianxiang Aviation Technology Co. Ltd., Guangzhou 511442, China)

Abstract: [Objective] To explore droplet deposition distribution patterns from aerial spraying and the application
prospect of small plant protection unmanned aerial vehicle (UAV) for fruit trees, and study the influence of spraying
parameters of UAV on droplets deposition distribution in citrus canopy. [Method] Spray test with six-rotor plant
protection UAV was arranged by an orthogonal test of three factors (flight height, flight velocity, nozzle flow rate).

[Result] Preferred spraying operation parameters for small plant protection UAV were 2.5 m flight height, 4.0 m-s™
flight speed and 1.0 L-min™' nozzle flow rate based on the test results of density and uniformity of deposited droplets.

The factors that affected the density of deposited droplets were in order of flight velocity, flight height, and nozzle
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flow rate. Test No.2 with 2.0 flight height, 4 m-s™ flight speed, 0.6 L-min™ nozzle flow rate and No.8 with 2.0 m flight

height, 1 m-s™' flight speed, 1.0 L-min"' nozzle flow rate resulted in relatively high density and penetrability of

deposited droplets, and the penetrability of droplets were 22.21% and 22.41% respectively. The factors that affected

the penetrability of deposited droplets were in order of flight height, flight velocity, and nozzle flow rate. [Conclusion] Due

to the influence of the wind field of UAV rotor and the unique structure of citrus, the operating parameters of plant

protection UAV should be optimized to ensure effective deposition and distrubition of droplets in citrus canopy from

aerial spraying. This research can provide reference and guidance for reasonable spraying using small UAV on fruit

trees, for improving the spraying efficiency.

Key words: plant protection UAV; citrus; aerial spraying; droplet deposition; spraying parameter; orthogonal test
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Tab.2 Test factors and levels
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AF BEkTR (A

(L-min™") m (m-s™)

1 0.6 1.5 2

2 1.0 2.0 4

3 1.0 25 6
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Tab.3 Orthogonal design
e R H&=A FENS [SEN®

1 1 1 1
2 1 2 2
3 | 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2
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Tab.4 Test results of droplet deposition distrubition

SR B KA HEB  HEC FH TR FE /(- em™) Y55 1% —
FE iz TE B HE TE
1 1 1 1 60.44 66.97 69.61 83.12 100.90 72.56 5.87
2 1 2 2 124.31 72.64 91.46 62.00 62.22 5475 22.21
3 1 3 3 161.69 97.24 60.04 69.12 64.59 4473 39.50
4 2 1 2 162.24 92.46 75.04 52.66 76.06  70.95 25.33
5 2 2 3 125.35 57.43 47.66 45.78 67.16 69.45 44,98
6 2 3 1 85.76 43.83 47.33 64.20 70.69 36.04 32.22
7 3 1 3 77.55 76.54 52.81 36.74 85.15 81.27 16.57
8 3 2 1 108.23 91.63 154.15 60.65 9433  65.82 22.41
9 3 3 2 196.11 114.76 73.60 45.58 68.65 51.13 39.72
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Tab.S5 Range analysis of droplet deposition density

- A H&EB K& C
L2 F 2 T2 o= 2 FE HE T2

K 346.44 236.85 221.11 300.23 235.97 297.46 254.43 202.43 271.09

K> 373.35 193.72 270.03 357.89 221.70 293.27 482.66 279.86 340.10

K3 381.89 282.93 280.56 443.56 255.83 180.97 364.59 231.21 160.51

K 115.48 78.95 73.70 100.08 78.66 99.15 84.81 67.48 90.36

K> 124.45 64.57 90.01 119.30 73.90 97.76 160.89 93.29 113.37

Ks 127.30 94.31 93.52 147.85 85.28 60.33 121.53 77.07 53.50
W2 11.82 29.74 19.82 47.77 11.38 38.82 76.08 25.81 59.87
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Tab. 6 Range analysis of droplet deposition uniformity

o PE A K= B SENS
= iz TE = Tz TE = 2 T

K, 21424 22771 172.04 172.52 262.11 224.78 207.97 265.92 174.42

K> 162.64 21391 176.44 168.43 223.71 190.02 160.24 206.93 176.83

K3 14297  248.13 198.22 17890  203.93 131.90 151.64 216.90 195.45

K1 71.41 75.90 57.35 57.51 87.37 74.93 69.32 88.64 58.14

K> 54.21 71.30 58.81 56.14 74.57 63.34 53.41 68.98 58.94

K;3 47.66 82.71 66.07 59.63 67.98 43.97 50.55 72.30 65.15
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Tab.7 Range analysis of droplet deposition penetrability

Fabr" H&A K #%B FSEN®
K, 67.58 47.77 60.50
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K3 78.70 111.44 101.05
I 22.53 15.92 20.17
%, 34.18 29.87 29.09
s 26.23 37.15 33.68

& 11.65 21.23 13.51
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