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Abstract: Plant protection unmanned aerial vehicle (UAVs) operational parameters have remarkable effects on droplet
distribution in UAVs spraying, which significantly affects pesticide utilization rate and treatment effectiveness. The
study was aimed to explore the effects of operating parameters of electric UAVs on droplet deposition distribution in
mango trees canopy and to enhance the efficiency of targeted deposition by UAVs. The DJI T40 multi-rotor electric
plant protection UAV was used and the main operational parameters including droplet sizes (80, 100, 120 pum), flight
height (2.0, 2.5, 3.0 m) and flight speed (3.0, 4.0, 5.0 m/s) were optimized by an orthogonal test. When the droplet size
was 80 pum with 2.0 m of flight height and 3.0 m/s of flight speed, the droplet deposition density, coverage rate and un-
iformity in each canopy of mango trees were significantly larger than those of the other groups. There was a negative
correlation between droplet deposition density, coverage rate and flight height, flight speed. The results of range analy-
sis showed that droplet size was the main factor affecting the deposition density of droplet in mango canopy. The flight
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height was the main factor affecting the coverage rate of spray droplets on the front side of the lower canopy leaves and
the back side of the inner canopy leaves of mango trees. The flight speed was the main factor affecting the coverage rate
of spray droplets on the back side of the upper canopy leaves of mango trees. The spray diameter of the front and back
of the leaves of the other layers was the main factor affecting the droplet coverage rate. The droplet distribution within
mango canopy exhibited significant variation, with droplet size being the primary factor determining uniformity, fol-
lowed by flight speed and flight height. In our current study, according to the droplet deposition density, coverage rate
and uniformity in mango canopy, the best operating parameters of T40 multi-rotor electric plant protection UAV were
obtained as follows: droplet size of 80 um, operation height of 2.0 m, and operation speed of 3.0 m/s. It could provide
fundamental guidance of the operation of small UAVs for the aerial spraying of mango trees and other similar orchards.
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Tab. 1 Test factors and levels
[K % Factor
KV AgwRR BAELEE C Bl 2 B2
Leve Droplet Working Working
size/pm height/m speed/(m-s™")
1 80 2.0 3
2 100 2.5 4
3 120 3.0 5

TE: MRl B A e A RO 2
Note: The working height is the height from the mango canopy.

R2 HEXSKSH

Tab. 2 Relevant meteorological parameters

st M i i
Treatment Wind speed/(m-s™') Temperature/’C  Humidity/%
AB,C, 0.2 32.4 64
AB>C, 1.2 32.8 61
AB3Cs 0.8 33.1 54
AsB,C, 1.4 33.2 57
A;ByCs 2.2 343 54
A,B;C,y 2.3 355 45
A3B,Cs 1.8 359 37
A3B,C, 1.2 352 41
A3B;C, 1.0 35.2 37
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Fig. 1 Schematic diagram of sample
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Tab. 3  Droplet deposition density under different operating parameters of UAV A fem?
Qb3 M- 1E fj Front of leaf ™75 Iff Back of leaf
Treatment  |J2 Upper layer /2 Under layer  [4)Z Inner layer I JZ Upper layer T2 Under layer  [§)Z Inner layer

AB,C, 82.433+12.208" 71.519+11.199° 97.315+4.655° 8.936+2.071° 23.920+4.705° 20.615+0.958"
AB,C, 46.364+8.889° 48.403+10.565° 53.197+1.230° 5.742+2.553%¢ 3.524+1.291% 2.607+0.370%
AB;C; 36.911+2.101% 28.153+15.430° 22.545+8.022° 6.556+3.659" 4.980+0.608 4.527+0.820"
A,B,C, 23.713+1.100% 31.165+7.727° 21.148+4.435° 4.619+0.579" 8.145+2.158" 4.732+1.015°
A,B,C; 12.805+3.075° 29.233+8.352° 10.975+2.285% 2.915+1.270% 2.826+1.261¢ 4.457+0.843%
A,B;C, 17.995+4.983% 20.079+1.334° 14.855+2.008°% 3.580+0.168" 7.335+0.283 4.910+0.617°
A3B,C; 15.444+5.769° 21.473+4.050° 7.378+1.018° 2.88442.411°¢ 2.108+1.165¢ 3.288+0.968"¢
A3B,C, 12.199+3.734° 20.539+5.916° 7.625+1.405° 2.859+1.564° 2.353+0.875¢ 1.785+0.428¢
A;3B;C, 30.885+5.158°%¢ 23.041+6.554° 19.663+3.840%¢ 3.489+1.169" 1.976+1.081¢ 2.345+0.688¢

T PR FE/NG 5 13m 22 5 3% (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Tab. 4 Range analysis of droplet deposition density

A~/em?

A ZEii%¥ki 1% Droplet size

?:‘ei I IETH Front of leaf -3 1fii Back of leaf
)2 Upper layer )2 Under layer )2 Inner layer _[-JZ Upper layer )2 Under layer [NJZ Inner layer
K 165.708 148.074 173.057 21.235 32.423 27.748
K, 54.513 80.476 46.978 11.114 18.306 14.098
K; 58.528 65.053 34.667 9.231 6.436 7.418
71 55.236 49.358 57.686 7.078 10.808 9.249
72 18.171 26.825 15.659 3.705 6.102 4.699
K3 19.509 21.684 11.556 3.077 2.145 2.473
W2 37.065 27.674 46.130 4.001 8.663 6.776
BT A A Ay Ay Ay Ay
- B 1El 5 BE Working height
?tlei i 1ETH Front of leaf -3 1fii Back of leaf
)2 Upper layer )2 Under layer )2 Inner layer _[-JZ Upper layer )2 Under layer [NJZ Inner layer
K, 121.589 124.156 125.842 16.439 34.173 28.632
K, 71.368 98.174 71.797 11.516 8.703 8.848
K; 85.791 71.273 57.063 13.625 14.291 11.782
71 40.530 41.385 41.947 5.480 11.391 9.545
72 23.789 32.725 23.932 3.839 2.901 2.949
K, 28.597 23.758 19.021 4.542 4.764 3.927
W2z 16.741 17.627 22.926 1.641 8.490 6.596
BARIKT B, B, B, B, B, B,
5iH A C BV # BE Working speed A
lt;:m I 1E T Front of leaf 3 i Back of leaf
/2 Upper layer ~ FJZ Under layer  [NJZ Inner layer /2 Upper layer T JZ Under layer N2 In layer
K 112.626 112.136 119.795 15.375 33.608 27.310
K, 100.961 102.609 94.008 13.850 13.645 9.683
K; 65.160 78.858 40.898 12.355 9.914 12.272
K, 37.542 37.379 39.932 5.125 11.203 9.103
K, 33.654 34203 31336 4.617 4.548 3.228
K3 21.720 26.286 13.633 4.118 3.305 4.091
W2 15.822 11.093 26.299 1.007 7.898 5.875
BT C C C, C C, C,

TE: KRR 0 KT I2% R R I BB IR 5 R 2 Al s K 3R 1 KT I 25 BB 3R 0 3 190 s 446 2R 09 - 21

Note: K; represents the sum of the results of each factor at the i level; K; represents the average of the results of each factor at the i level.
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Tab. 5 Droplet coverage ratio under different operating parameters of UAV %
b3 M- 1E 1] Front of leaf M3 i Back of leaf
Treatment |12 Upper layer )2 Under layer  P4)Z Inner layer )2 Upper layer )2 Under layer ~ NJZ Inner layer
AB,C;  12.784+0.173* 7.248+1.513° 11.516+2.514 0.412+0.163° 1.077+0.342° 0.792+0.104
AB,C, 4.109+0.3343¢ 5.215+2.434* 6.166+1.771° 0.219+0.131* 0.233+0.132% 0.185+0.079%¢
AB;C; 4.294+0.193¢ 3.778+2.255° 2.140+0.635° 0.412+0.139* 0.459+0.118" 0.436+0.036°
A,B,C, 3.099+0.589%¢ 4.269+1.285% 2.658+1.644° 0.362+0.027° 0.573+0.067° 0.284+0.022°
A,B,C; 1.795+0.043¢ 4.654+2.404™ 1.310+0.348¢ 0.245+0.080" 0.286+0.126% 0.325+0.102"
A,B;C, 2.817+1.365% 2.285+0.209° 1.843+0.887¢ 0.421+0.131* 0.583+0.021° 0.323+0.170%
A3B,C; 3.479+1.151% 4.969+1.600™ 1.255+0.074¢ 0.303+0.125" 0.193+0.112¢ 0.394+0.041°
A3B,C, 2.290+1.218¢ 4.214+2.484™ 1.297+0.947¢ 0.395+0.350" 0.216%0.050% 0.162+0.098¢
A3B;C, 6.828+1.356° 4.515+0.009* 3.084+0.113° 0.330+0.052° 0.140+0.098¢ 0.132+0.060¢

T FPUARF/NG 513808 22 5 3 (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Tab. 6 Range analysis of droplet coverage ratio %

A i kif% Droplet size

?tﬁei M- 1E fj Front of leaf M-75 fj Back of leaf
IJZ Upper layer )2 Under layer ~ PJZ Inner layer ~ _I2JZ Upper layer /)2 Under layer )2 Inner layer
K 21.187 16.240 19.822 1.043 1.769 1.414
K, 7.711 11.208 5.810 1.028 1.442 0.932
Ks; 12.597 13.697 5.636 1.028 0.549 0.688
K, 7.062 5.413 6.607 0.348 0.589 0.471
K, 2.570 3.736 1.937 0.343 0.480 0.311
73 4.199 4.566 1.879 0.343 0.183 0.229
W2z 4.492 1.677 4.728 0.005 0.406 0.242
ALK Ay Ay Ay Ay Ay Ay
B 1Bl & Working height
?tﬁei i 1E /i Front of leaf 75 [ Back of leaf
IJZ Upper layer )2 Under layer ~ PJZ Inner layer ~ _I2JZ Upper layer /)2 Under layer )2 Inner layer

K 19.361 16.486 15.428 1.077 1.843 1.470
K, 8.194 14.082 8.773 0.860 0.735 0.672
Ks; 13.939 10.577 7.067 1.163 1.182 0.891
71 6.454 5.495 5.143 0.359 0.614 0.490
K, 2.731 4.694 2.924 0.286 0.245 0.224
K, 4.647 3.526 2.356 0.388 0.394 0.297
W2z 3.723 1.970 2.787 0.102 0.369 0.266
BT B, B, B, B; B, B,




511 FEURIESE: MR TEN CBUEAL S HO0 55 7E AR e J2 U313 Y 52 2403
HgRo6 EHBZERESW
Tab. 6 Range analysis of droplet coverage ratio (continued) %
C 1R # & Working speed
?tﬁei I 1E T Front of leaf 75 1l Back of leaf
IJZ Upper layer )2 Under layer ~ PJZ Inner layer ~ _I2JZ Upper layer )2 Under layer )2 Inner layer

K 17.890 13.747 14.656 1.229 1.876 1.277
K, 14.036 13.999 11.908 0911 0.946 0.602
Ks; 9.569 13.400 4.704 0.959 0.938 1.155
71 5.963 4.582 4.885 0.410 0.625 0.426
72 4.679 4.466 3.969 0.304 0.315 0.201
73 3.190 4.467 1.568 0.320 0.313 0.385
e 2% 2.773 0.116 3.317 0.106 0.312 0.225
BT C C o C C C

T KiZRoR 0 RSP 2% PR B0 LB IR &5 SR 2 A5 K 387 1 KT 25 PR 3R I iz 9 3 445 2R B9 P 2

Note: K; represents the sum of the results of each factor at the i level; K; represents the average of the results of each factor at the i level.
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Tab. 7 Coefficient of variation (CV) of droplet deposition density %
b3 M- IF [fj Front of leaf ™75 ff Back of leaf
Treatment |2 Upper layer  FJZ Under layer /)2 Inner layer )2 Upperlayer T JZ Under layer N JZ Inner layer
A,B,C, 14.809 15.658 4.783 23.178 19.670 4.649
A,B,C, 10.783 21.827 2.312 44.449 36.644 14.194
AB;C; 4.532 54.809 35.581 55.806 12.199 18.115
A;B;C, 2.980 24.795 20.971 12.530 26.489 21.451
A,B,C; 12.968 28.573 20.820 43.568 44.626 18.923
A,B;C, 38.911 6.643 53.910 4.679 3.851 12.559
A;BCs 32.058 18.861 13.802 83.615 55.279 29.448
A;B,C, 24.176 28.805 18.426 54.700 37.194 23.996
A;B;C, 42.279 28.444 19.529 33.501 54.712 29.353
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Tab. 8 Range analysis of droplet deposition homogeneity

WH  AZHAR B ARk B C Rl
Item Droplet size Working height Working speed
K, 65.666 70.838 65.100
K 66.541 81.165 74.541
Ks 104.696 84.902 97.263

K| 10.944 11.806 10.850
K, 11.090 13.527 12.423
K, 17.449 14.150 16.211
ez 6.505 2.344 5.361

TE: K FoR 1 KT B R AT R e a5 R 2 Ml K&
78 1 K 25 R BT X B9 e e 2 2R A S 4

Note: Kjrepresents the sum of the results of each factor at the i

level; K; represents the average of the results of each factor at the i

level.
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