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Table 1 Wheat field herbicide selected used in indoor fog droplet size test

HRULSY RS FlE FZ5 5 I
1 AR AR « L 10% FLih 750~900 mL/hm? GRAT A TRARRA A
2 SR A 2R 200 g/L Lt 750~1050 mL/hm’ WIZR E AR A PR RS
3 XS e 50 g/L BRI 90~135 mL/hm’ DA R A
4 SRR 2 TR S I 20% BRI 750~1050 mL/hm’ M AL T 7= AT PR )
5 H L R b 30 g/L LI ¢l F=SEil 300~525 mL/hm’ FEH AR )
6 USSR 31% AT SRR 5 450~750 mL/hm®  VLFRA 25 JH & 38 SA M Al A A )
7 XU - AT 20% K G3 BIORE R 75.0~97.5 g/hm’ Bl Al BHE AT BR IR A W
8 R 75% K53 Ok 18~30 g/hm’ INZR AR BH AR 2540 T AL ATAT BR A W
9 e ] 40% K53 BIORL ) 60~75 g/hm’ B /A
10 2 H B 43% E= Rl 900~1500 mL/hm? Bl Al B A RS A
11 ol 15% TFLHF 375~525 mL/hm’ YRR AR
12 H R 48% K 300~450 mL/hm’ SRR IR ST A T
13 2, 4-T8 S=F iR 57% IKFLF 750~1500 mL/hm? IR AR PR W
14 FIEIE R B 52 69 g/L IKFLH 750~1500 mL/hm’ LA EFHE AR T AT R 7
15 R i 15% JKFLH 450~570 mL/hm? IR HoB Rk A R A RS W

Z5- T RLAT B 72 2 A % DP-02 BYHOG KL
IR (BRIENRSE se AR A FRA ] ) B0 g
MRS, B UM RG A H B )%
R OHEZmEL (N RBH A R A DD .

PO RL JEE 23 A AR 2 Wi s A0 2 S5 i L S A
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2013 mm <490 mm, % 18,000 mAh £ Hi jib it
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Fig. 1 Indoor droplet size measurement test
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Fig.2 Field drift test of P30 unmanned aerial vehicle
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Fig. 3 Sampling layout in field drift test
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Fig. 4 Layout pattern of PVC card and coated paper
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3 #RESH
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B0 5 A mE Sk AE 20 VR N
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TR A8 15 /K 48 B 0 B 44 55 AL S T 5 19 DV,

1543 um, V<150 um & 47.2%, RS K 1.01.
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Wi /N (V<150 um) 3800 HL Bk, 435
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WDG WG T 8505 355 (WL Il Y DV,
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(1) 55 T S XU, ZEARLAR TC N 6L FH [ 53 7 5] g
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32 BMEZEFHEMELXKAZXITRANE
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3.21 RZEHE

IR 174U Bs, w104
DR 25 SR B AL B T 43 HT, 3% 3 0 10 415G
SR S8, RETE7.3~13.0°C, HIXHEETE
46.6%~75.0%, #AbPRIRIR R hRaE . —3K,
ETHER ISR R 27 XA /N2 B r AR et T
MRJEABE AW Ao MRURGHE 0.74~3.76 m/s, K
] 5 R FE 7 [ e A 4 X EAE 6.7°~22.3° (NT
30°), it/ ISOFRifE * sk,
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FR2 BREFARNEFNZNZIE
Table 2 Effect of herbicide solution on droplet size
Rl DV, /um DV, /um DV,,/um V<150um/% RS
K 83.0+5.1 1543+3.1a 239.4+14.9 47.2+1.6 1.01+0.11
IR bk - b i EC 76.7+4.3 152.6£3.52 245.5+5.7 48.5+2.1 1.11£0.07
SR LR EC 62.7+3.5 120.3+4.8 ¢ 194.9+£15.9 71.245.4 1.10+0.12
XU HE i SC 74.3+1.8 1452468 b 235.2+11.4 54.8+4.8 1.11+0.15
IR 2R S g SC 84.7+2.2 152.142.1 a 242.6+6.8 49.7+1.3 1.04+0.06
F L i OD 64.4+0.6 128.4+3.9 ¢ 214.3+5.4 63.0£2.6 1.17+0.09
WU - F S OD 63.9£2.6 132.7+4.8 ¢ 218.5+4.0 64.4+3.3 1.17+0.07
WL - FGATR WDG 77.9+1.3 145.4+1.3 b 229.7422.3 53.6£2.5 1.04+0.08
M WDG 86.8+2.4 154.2+4.1 a 232.245.5 47.6+2.7 0.94+0.06
R WDG 87.1£2.5 156.2+3.4a 234.5+1.7 479435 0.94+0.04
2 F WU SE 76.8+3.6 1473436 b 251.4421.3 54.6+2.9 1.19+0.15
JRREFE ME 71.943.5 142.1+7.3 b 234.3+10.3 55.245.4 1.14+0.09
2H 455 AS 71.6+2.5 142.4+6.4 b 233.9+12.6 55.6+5.2 1.14+0.04
2,4-TH S BEEW 70.6£2.5 140.3+4.9 b 231.6+10.5 55.745.1 1.15+0.05
T EME R B EW 71.842.3 144,149 b 232.8+12.6 55.6+3.7 1.12+0.05
HBE g EW 78.242.3 145.8+3.1 b 252.4+14.4 54.2+2.4 1.1940.15
: RPFRGIAR T RN 257 8.3 (p < 0.05)
#3 HERABRKRSFZSH
Table 3 Meteorological parameters in field drift test
Ab BB M/ PC AR /% MARGHE/ (m-s™") K/ (°) RFELR A/ (°) DA ) i 22 £y 26 % {1/ ()
1 9.7(0.01) 57.6(0.11) 0.74(0.03) 101.4(1.1) 115 13.6
2 7.3(0.02) 57.6(0.07) 1.11(0.09) 92.7(0.7) 115 223
3 8.6(0.02) 52.0(0.09) 1.24(0.06) 70.4(1.4) 55 15.4
4 9.0(0.01) 64.4(0.14) 1.75(0.04) 108.3(2.1) 115 6.7
5 10.0€0.01) 75.0(0.04) 2.53(0.03) 360.4(2.2) 350 10.4
6 7.7(0.03) 46.6(0.07) 2.67(0.02) 125.8(1.4) 115 10.8
7 11.3(0.07) 64.2(0.09) 2.74(0.04) 69.3(1.1) 55 14.3
8 11.5(0.01) 56.9(0.12) 2.93(0.11) 124.5(1.0) 115 9.5
9 12.0(0.02) 66.9(0.04) 3.35(0.13) 335.1(1.4) 350 14.9
10 13.0(0.03) 48.2(0.03) 3.76(0.43) 329.6(1.0) 350 20.4
e PR TEIE BRER), ABESERRE 2 sicst—IK;
SRR E I . 550, 115°H1350°
322 UREENREEEREWAREE  FWIUBE G MERIBE LR RN

XL X %ﬁm
JE(FR4) o XK ETE 0.74~

i JE LR

REAR A Ml X A 353 DT AR

35.0%~92.1% 1 31.5%~81.4%, H: o fil] Jx KL 3
KF 3.0 m/s BULLHE, B\ X B TTAAR S+ R 503y

3.76 m/s Y N, 253 U U 35 N 1.62%~
3.93%, 25 UL N 8.24~19.52 > /em®, 4
M RURGE R 3.76 m/s B, ARl X4 25 3 DA B
JEE R 5 T RRU B B AN R O XURUER 0,74 m/s B (1Y)
41.3% F142.2% (= 4) o XRG4 38 Jin ik 25
IRAEN X A S5 TR S, AN RIS KGE T 1

KTF80.0% (F£4),

AT A e, ElXEH
FUBTERE . 200 B LA S TR S P A e AIK 2x
RAB PR TC N CALIE IS X6 L 2 8 I TR RO B
o ERWFERYT, WA — E AR R T AL
FEAER IR, L SR e 3 NI B Sk 225 o B
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x4 FUREFBIRESEREBRAREE
Table 4 Coverage ratio and density of droplets depositon in

in-swath zone

S UUIRE I/ (557

T X ST UURE 35 B /% N _
#-em™)
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Table 5 Drift distribution and mass balance results in field drift test
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Table 6 Descriptive statistics and variance analysis of the

droplets drift fitting equation
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Evaluation of Droplet Size and Drift Distribution of Herbicide
Sprayed by Plant Protection Unmanned Aerial Vehicle in
Winter Wheat Field

WANG Guobin"’, HAN Xin"*, SONG Cancan'?, YI Lili"?, LU Wenxia"?, LAN Yubin"**"

(1. College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255049, China;
2. Shandong Provincial Engineering Technology Research Center for Agricultural Aviation Intelligent Equipment,
Zibo 255049, China; 3. College of Electronics Engineering/College of Artificial Intelligence, South China Agricul-

tural University, Guangzhou 510642, China)

Abstract: With the continuous increase of the spraying area, the problem of droplet drift risk in the spraying process of UAV is
becoming increasingly prominent, especially the herbicide drift. In order to clarify the effect of the herbicide solution on the
droplet size and the deposition and drift distribution characteristics sprayed by UAVs, the droplet sizes of 15 herbicide solutions
sprayed by the centrifugal rotary atomizer nozzle installed in the plant protection UAV were measured in the laboratory, and
the distribution of droplet deposition and drift in the spraying area and drift area were measured by adding a fluorescent tracer
(60 g/hm?) to the tank in the field. The results showed that the herbicide solution had a significant effect on the droplet size dis-
tribution. The DV, of all the other solutions was reduced after sprayed by the centrifugal atomizer except the Carfentrazone-eth-
yl water dispersible granule, and the maximum decrease ratio was 22.0%. The proportion of small droplets (V<150 pm) in-
creased, with the maximum value of 50.8%. When the environmental crosswind speed was 3.76 m/s, the coverage and number
of droplets in the spraying area were only 41.3% and 42.2% of that at 0.74 m/s, and the deposition uniformity was significantly
reduced. In the drift zone, the deposition amount of droplets was under 10% of in-swath zone at the downwind of 12 m, and the
deposition of all the treatments at 50 m was lower than detection limits (0.0002 puL/cm®). The drift ratio increased with the wind
speed increased. When the crosswind speed reached 3.76 m/s, the drift ratio of droplets was 46.4%. Under different crosswind,
90% of the total measured spray drift were 4.8—-22.4 m. By fitting the deposition in the drift zone with drift distance and cross-
wind speed, the downwind deposition was proportional to the crosswind speed. This study provides data support for droplet
drift distance of plant protection UAV spraying in wheat fields at different wind speeds in winter and provides a basis for spray
drift buffer zone, drift risk assessment, and relevant standard formulation.

Key words: plant protection unmanned aerial vehicle (UAV); wheat; herbicide formulation; droplet size; crosswind speed; drop-

lets deposition and drift
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