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Effect of Spray Amplitude and Volume of Six Rotor UAV in Filling Stage on

Droplet Deposition Distribution and Drift Characteristics in Maize Population
DU Jia—rui', ZHANG Yi—fei'?, XIAO Shan—shan', LI Ze—song', LI Gui-hin',
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(1. College of Agronomy, Heilongjiang Bayt Agricultural University/Hetlongjiang Provincial Key Laboratory of
Modern Agricultural Cultivation and Crop Germplasm Improvement, Daging 163319; 2. Key Laboratory of Low
Carbon Green Agriculture in Northeast Plain, Ministry of Agriculture and Rural Affairs, Daging 163319, China)
Abstract: Dji T30 UAV was used to spray maize during the filling period, and the influence of spray width and
spray liquid quantity on the deposition distribution of droplets in the population was discussed. Using a two—factor
experimental design, three spray ranges[4(G1), 5(G2), 6.5 m(G3)] and five spray volumes[15-75 L/ha(R1-RS5)] were
set, and the maize population was divided into five layers(A-E) from top to bottom. The results showed that, Under
the treatment combination of different spray amplitudes and spray volume, the total deposition amount, coverage rate
and coverage density of fog drops increased significantly with the increase of spray volume, and showed a trend of
first increasing and then decreasing with the increase of spray amplitude. The total deposition amount of G2RS,
G3R5 and G1RS was large, but it led to the increase of ground loss of fog drops, poor uniformity and penetration of
deposition volume, and aggravated drift of fog drops. In general, the distribution of droplets deposition in each leaf
layer under the spray amplitude of G2 is superior. However, the selection of spray quantity should not be too large in
actual production. The appropriate spray liquid amount should be scientifically determined during UAV operation,
combined with the functional properties of spraying agents and farmland environment and other factors.
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Fig.1 UAV for this experiment and its spraying operation diagram
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Table 1~ Main performance index parameters of UAV

FESHL TR SRE FHESH Fks Bl
Main parameter Norms and numerical Main parameter Norms and numerical

BRI T30 75 Es: L2 JC AL 5 S # SX110015VS
HMELR S (mmXmmXmm) 2858%2685%790 Sk i 16
HREZH(L) 40 R I 5 (L/min) 4.5
Al B (m/s) 0~8 H UG (m) 4~7
Pl 725 (m) 1~30 YEAL R (hm/h) 12
A BB R (m) 4~9 BN (cm) IKF£10,FEE+10

F2 FELAEBASELRSKZIMEHRXSH

Table 2 Operating and meteorological parameters related to different treatment combinations

F Ak AL FH(L) % MR St TRATHEE 2R AR A A 1A
Main treatment  Secondary (m) (L/hm?) (m/s) (C) (%) (m/s) Wind direction

(m) treatment Spray Spray volume Fly speed Temperature Humidity Wind speed
Gl R1 4.0 15 7.0 24.0 59 0.9 ERG]
Gl R2 4.0 30 6.7 23.0 57 0.8 FNE]
Gl R3 4.0 45 4.4 24.0 63 0.9 FNE]
Gl R4 4.0 60 33 24.5 56 1.0 ENG]
Gl RS 4.0 75 2.7 23.8 55 1.6 R
G2 R1 5.0 15 7.0 24.7 54 12 R
G2 R2 5.0 30 5.3 24.4 59 0.9 R
G2 R3 5.0 45 3.5 24.8 60 0.9 KM
G2 R4 5.0 60 2.7 23.9 57 1.5 ERG]
G2 RS 5.0 75 2.1 23.5 61 0.9 FNE]
G3 R1 6.5 15 7.0 24.0 55 0.9 N
G3 R2 6.5 30 4.1 24.1 59 0.9 R
G3 R3 6.5 45 2.7 23.9 56 1.4 pRG]
G3 R4 6.5 60 2.0 24.0 57 1.7 R
G3 RS 6.5 75 1.6 23.0 50 1.9 R

3 AR AL FE s DI A BIALEE A B 70.00 mx46.15 m B HELE R 140 R0 X, A4
15(R1).30(R2).45(R3).60(R4) F1 75 L/hm’(R5)5 MMt AbFHALG X 41 A 6.5 m G2 X, 3k H Ab B[] 2517
WAL EE G 1S AR A . WE 2 R, BEE T, JE ML BRI LR A T AR AL, A
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Fig.2 UAV route and droplet collection card layout diagram
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G2RS5 Kb B R £ 55 , 43 311k 0.709 ug/em®, 22.07%
101.02em? , A bE T HAB AL IG5 L A51)3K 5.10% ~
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G1RS5 Fl G3R5 AP Y 78 55 R 25 T 2% B Ab , 22 S 345k
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Table 3 Interaction effects of spray amplitude and volume on droplet deposition distribution
AP L FK BT (ug/em?) S 5 R (%) R TEE (em?)
Treatment factor Treatment level Deposition Ratio of coverage Total droplet density
G Gl 0.419b 12.622 b 66.802 b
G2 0.451 a 14.098 a 69.321 a
G3 0.427 b 13.084 b 68.032 ab
R R1 0.147 e 5.634 e 19.899 e
R2 0.162 d 9.138 d 57.126 d
R3 0417 ¢ 13.562 ¢ 73.570 ¢
R4 0.612b 17.031b 90.132 b
RS 0.823 a 20.977 a 99.532 a
FAER R G 16.4947 18.4247 7.215%%
R 3 063.578%%* 722.185%%* 2 690.882%%*
GxR 1.081 1.527 1.124

T < [ PR I AN ) R R AR R 22 5735 0.05 35K 5 #4078 P<0.05 KF 35, #+3R P<O.01 K- E i . TR

Note: Data followed by different letters within a column indicate significant difference at the 0.05 level between treatments; * means significant

2.2

327
22
N

difference at 0.05 level, ** means significant difference at 0.01 level. The same below.
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Fig.3  Variance analysis of droplet deposition distribution characteristics in maize population under different treatment combinations
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20.03,1.54 ~ 15.19 4~/em’; BEIEXT EoK A \B.C.DJZ
T 5 55 T % P R 55 R0 B2 I 5K I 25 (P<0.05) Bl
2K (P<0.01),, 111 2 1 38 B ARLN {ONT A J2 5531
T 5 RO 5 5 T A AR . AEAN TR R A
M B A T 45 W e A B 25 7 o R T 55
R R 125 AR B AR TR I TS
AN T I Ak BB ] ) 2 SR T 4 /1N . FEAS ) A B2
A, £ 2 AR LL G2R5 b B Y 55 T 7 o R
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E00E TR MU 2 TR, ira 4B a4
H A ~ E M2 5500 DU R A 7E G2R5 Ab BT 15 31|
{8, 5394 0.269.0.219.0.187,0.127 #10.095 ug/cm?,
WAL AT Rl — Wl S T, BEE W i 3 25
i b TR 2K 5B 2 38K, H G1IRS5 .G2R5 1 G3R5 4t
FHAE5(0.062 ~ 0.065 ug/em?), 5 1 53 (P<0.05)5 T
GIR1 Al G2R1 A B A1, 55 H At b 7 2% S5 oK 36 Wb 25
K

®5 AELEBHASTEXREHEZSHNREMMBERKLE

Table 5 Effects of different treatment combinations on the amount of fog droplets

deposited in different parts of maize canopy ug/em’
bR A YUBUE  Deposition Hh i e
Treatment combination A B C D E Ground loss
GIR1 0.031+0.011 e 0.028+0.011 e 0.027£0.011 d 0.021£0.010d 0.019+0.010 de 0.007+0.003 ¢
GIR2 0.040+0.014 fe  0.041+0.017 e 0.031+0.013 d 0.027+0.013 d 0.023+0.012 de 0.024+0.022 abe
GIR3 0.123+0.046 d 0.106+0.045 d 0.086+0.039 cd  0.049+0.025 ¢cd ~ 0.031+0.017 cde 0.035+0.014 abe
GIR4 0.165£0.063 cd  0.136+0.060 cd 0.129+£0.061 be  0.083+0.043 be  0.059+0.034 b 0.051+0.023 abc
GIRS 0.240+0.097 ab  0.187+0.073 abc ~ 0.181+0.089 ab ~ 0.110+0.064 ab ~ 0.092+0.059 a 0.062+0.062 ab
G2R1 0.039+0.012 e 0.034+0.013 e 0.027+£0.011 d 0.024£0.011d 0.022+0.011 de 0.008+0.006 be
G2R2 0.061+0.018 e 0.044+0.017 e 0.031+0.014 d 0.028+0.014 d 0.025+0.013 de 0.023+0.010 abe
G2R3 0.139+0.046 d 0.109+0.044 d 0.100+0.047 ¢ 0.071£0.037 be ~ 0.033+0.018 cde 0.036+0.031 abe
G2R4 0.207+0.072 be  0.168+0.071 abc ~ 0.144+0.069 ab ~ 0.087+0.048 abc  0.063+0.036 be 0.049+0.000 abe
G2R5 0.269+0.109 a 0.219+0.096 a 0.187+0.090 a 0.127+0.073 a 0.095+0.057 a 0.063+0.073 a
G3R1 0.038+0.013 e 0.029+0.013 e 0.026+0.011 d 0.023+0.012 d 0.018+0.010 e 0.015+0.010 abe
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Table 6  Deposition uniformity and penetration of fog droplets in each leaf

layer of maize under different treatment combinations %
PSRy LRI )1 IR AS v e

Treatment Uniformity of droplet deposition Penetrability

combination A B c D E B:A C:A D:A E:A
GIR1 34.36 39.29 40.74 47.62 52.63 90.32 83.87 67.74 58.06
GIR2 35.89 41.17 4231 48.15 52.17 92.50 72.50 65.00 55.00
GIR3 37.12 42.45 45.35 51.02 54.84 80.48 69.11 39.84 25.20
GI1R4 38.01 43.03 47.26 51.81 58.73 82.42 76.97 44.24 29.09
GIRS 40.40 44.17 49.24 58.18 64.21 77.92 61.67 40.83 27.92
G2R1 29.80 38.81 41.93 46.15 50.00 87.18 69.23 64.10 56.41
G2R2 30.00 39.29 4483 50.00 52.00 72.13 55.36 45.90 39.34
G2R3 33.33 40.37 47.00 52.11 54.54 78.41 71.94 51.08 24.46
G2R4 34.72 41.99 48.21 55.50 57.63 81.16 69.57 41.55 30.43
G2R5 40.61 43.87 48.86 57.14 59.78 81.41 69.52 47.21 35.31
G3R1 35.08 44.26 43.48 51.85 55.55 76.32 71.05 60.53 50.00
G3R2 38.71 45.00 45.95 53.57 58.33 73.21 55.35 48.21 41.07
G3R3 38.82 47.00 46.73 56.60 58.82 80.30 65.15 40.15 25.00
G3R4 40.10 48.06 48.91 57.53 62.50 80.66 71.27 45.86 32.60
G3R5 42.25 52.87 57.75 59.84 64.28 80.73 74.18 45.08 37.70
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Note: Different letters after the dashed line data in the same vertical column indicate a significant difference of 0.05. From top to bottom represents the
order of liquid injection volume reduction; The same horizontal figure represents the drift deposition results on the left and right sides of the same

jet amplitude. Omission of drift distance data of zero.
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Fig.4 Effects of different treatment combinations on drift characteristics of fog droplets in maize canopy
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