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Meta analysis of influencing factors on droplet drift rate of plant protection
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Abstract: To clarify the influencing factors and their inherent laws governing droplet drift of agricul-
tural plant protection unmanned aerial vehicle (UAV), a meta-analysis approach was employed to
extract and analyze 187 datasets retrieved from 22 published papers. The results demonstrated that drop-
let diameter was negatively correlated with droplet drift, whereas wind speed, flight altitude, and flight
speed showed positive correlations with this phenomenon; wind speed and droplet diameter exerted
more substantial impacts on droplet drift than flight speed and flight altitude did; the influencing mecha-
nisms of droplet drift within the short-distance range of 0—2 m were more intricate than those in long-
distance scenarios. Based on the statistical data, this study has determined that the optimal operational
wind speed for agricultural plant protection UAV should not exceed 4 m/s, the optimal flight altitude is
2-3 m, and the optimal flight speed ranges from 2 to 4 m/s.
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Table 1 Ratio of drift rates of droplets in different diameter groups under different drift distances

i B S A T FL K B A R . e L2 A5 B T 5%
ik SERAPBAE  EEAIUE e sttt S0 R
Reference Availability of drift Availability of Crop tvpe Laboratory test/field test Availability of
data wind speed data PP y drift rate
Wang et al., 2021 & = / FEHMALE 2=
Yes Yes Outdoor experiment Yes
Lan et al., 2024 JE P T =ZIMAK: P
Yes Yes Golden coconut  Outdoor experiment Yes
Wang et al., 2020 P = / e (XU ) =
Yes Yes Laboratory experiment Yes
(wind tunnel experiment)
Zhan et al., 2022 JE P ke ZEIMAK: &
Yes Yes Cotton Outdoor experiment Yes
LG4, 2017 = b NE MR I
Wang et al., 2017 Yes Yes Wheat Outdoor experiment Yes
FIH,2019 & i HEA FIMAR i
Wang et al., 2019 Yes Yes Areca nut Outdoor experiment Yes
Lietal, 2022 Je 2 Bk EHMALE 2
Yes Yes Peach Outdoor experiment Yes
Brown & Giles, 2018 & I %] ELN e P
Yes Yes Grape Outdoor experiment Yes
Xue et al., 2023 e 2 Bk FEHMAE e
Yes Yes Citrus Outdoor experiment Yes
Eun et al., 2024 b I KA MK &
Yes Yes Rice Outdoor experiment Yes
Chen et al., 2020 P S IKFE FEAHMRL P
Yes Yes Rice Outdoor experiment Yes
Jerome et al., 2024 e s ok L ARG 2
Yes Yes Maize, bare soil ~ Outdoor experiment Yes
Baek et al., 2024 = JE IKFE EV/NE i P
Yes Yes Rice Outdoor experiment Yes
Wang XN et al., 2018 & = INE AT 2
Yes Yes Wheat Outdoor experiment Yes
Louetal., 2018 I w v ZEIMATS P
Yes No Cotton Outdoor experiment Yes
Pan et al., 2025 I I IS FAMAL AN I &
Yes Yes Mango Outdoor and laboratory Yes
experiments
Wang J et al., 2018 % £ i AL i
Yes Yes Pineapple Outdoor experiment Yes
Zeeshan et al., 2024 = I ik = HMAI: =
Yes Yes Cotton Outdoor experiment Yes
2020 £ £ / AL i
Wang et al., 2020 Yes Yes Outdoor experiment Yes
T AR, 2020 I I ik EX N T
Wang et al., 2020 Yes Yes Grape Outdoor experiment Yes
84,2021 & e / L/ NEv I
Shi et al., 2021 Yes Yes Outdoor experiment Yes
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Fig. I Box plot of droplet drift rate of plant protection UAV
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Wt SRS I 5 4084 T 72 R A B AR 8 28 A1 T4
Fi P g LS AR S 2 ] (2 2) o AR

T S KL 2% B SR AL RN I S A S5 T AL A R
BRI 5.0% , KA I-1E 1.0% T igsh, A2
IS SE S Y=
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Table 2 The ratio of drift rates for droplets of different diameters across different groups and at different drift distances

AR2N 5 -5 AL 25 R Y L

2055 - HAN S T A LA

AL R Ratio of very fine droplets to other droplet classes Ratio of fine droplets to other droplet classes
Drift distance/m 4|53 25 HLZ5 25 HZ5
Fine droplet Medium droplet Coarse droplet Medium droplet Coarse droplet
0-2 2.00 2.30 3.48 1.15 3.15
>2-4 2.47 3.62 11.15 3.56 11.42
>4-6 2.53 3.74 11.55 5.34 11.41
>6-10 421 8.20 21.07 2.13 10.08
>10 5.84 9.61 15.30 2.64 7.69
1 S LS LA MR SRMER A S
Ratio of medium droplets to other droplet classes (s T HE

RIS
Drift distance/m HLZE
Coarse droplet  Very coarse droplet

TRAZE

=]

Extremely coarse

Ratio of coarse droplets
to very coarse droplet

Ratio of very coarse
droplets to extremely

droplet classes coarse droplet classes
0-2 1.50 2.02 19.43 - 10.54
>2-4 3.51 3.51 17.47 0.84 4.19
>4-6 2.68 10.08 51.76 1.00 4.02
>6-10 6.10 9.84 12.03 1.00 1.11
>10 6.75 0.09 0.13 - 4.13

— RIS N A . — indicates no corresponding data.
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T, Z5 T SRS e I, 7 IR Xt SRR 1 52 i gl B T
Hfl.
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IR R K, Ho AL I 15 4 0~2.0 m 1+ 25737 3
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TP S (14) 25097 SRS 2R e 2 T RS I S I 2.0 m
PR TR CATER BT A S5 S e (K1 3) o Y R Tk
i R=2.0~4.0 m/s B A 1 TC AL 25 3% AL A 25 A8
K AE 0~2 >2~4 >4~6 . >6~10 F1>10 m T~ B X,
T1) F1%) 55 ¥ SRS 2R 00 S AE 1% . 6% 3% 2% F1 1% |-
TS (H 2 AT B >4.0 m/s I, S5 SRS A T
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DX 1] 14 253 SRS 401 R 17.2% . 11.0%.8.1%.5.8%
F13.6%(1&3) . W B AT B AT F T/ 5%
T
25 XMTEEMEREANESEIBLEHENE
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A, AR O TC AL 55 T RS 232 1) - 0 43 501 K 4.1%
2.6% .8.3% F17.2% , 2 W1 Y ®AT /51 BE 55 51 ) 55
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H22~3 m B, A AR TC LSS T U R I BeAIX, 7 0~
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FREA 2SI BS Ny>4~6 m I SIS R 5 KAT
1o B =3~4 m IR Y 0 24 SRS I BB L 6 m IS 25 37
TR F LT AT E B R=3~4 m RS R (K 4) .
FERATE B QAT = B ] LA/ 55 TS

B 0<XJE Wind speed<1.0 m/s

@ 1.0 m/s<XJE Wind speed<2.0 m/s

O 2.0 m/s<AJE Wind speed<3.0 m/s

0 3.0 m/s<X i Wind speed<4.0 m/s
B XJE Wind speed>4.0 m/s

>4-6 >6-10 >10
B RS Drift distance/m

B2 AEXETERTANEHAZE
Fig. 2 Droplet drift rate of agricultural plant protection UAV under different wind speeds

B 0< K47 E Flight speed<2.0 m/s
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O "¥4T#BE Flight speed =4.0 m/s
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>2-4
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B3 AR ITHE TERLTANEZ BB ER
Fig. 3 Droplet drift rates of agricultural plant protection UAV under different flight speeds
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NHUZ RS R B A DG 2R K R 5, 739004 0.29

TS s 55 55 T AR XU L, AT U S e R

0.08.0.19(5%3) , KW Z M EARHOR , AL R0 JC AL RS R A AH ¢ R BAR R AR (32 3) , kW]

T RGER AT PR AT R R S s

ATHEEAHE IR IC AN LSS TS R AR N

- B 0<&4THE B Flight height<2.0 m/s
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Fig. 4 Droplet drift rates of agricultural plant protection UAV at different flight altitudes

MIALHE o 0~2 m i, Z50H HAR L (AT S
AR TG NS5 T RS S 14 AH 5& R BUOAIG , 4331
-0.03 f1-0.04 , 5 4 AL IE 5 A >2~4 >4~6 >6~10 m
IS5 B AT S A AR T AL T RS R
MR RBA AR 2R (FR3) , RIPBFIEZ N 0~2 m
B S5 MRS R A2 R R A AT 2% . RS R B AN [

B, XU 5 A8 R TG A LSS T8 RS R 1A R 56 R B3
R, Y7 0.30 2547 (3 3) , RUTTRALRE 4 0~10 m
ik XU X AR PR TE A AL 253 SRS A R 2R (15
M RAT R S AR TE ABLZS T SRS R A 5 R4
Wi 5 SRS B B (B A /N (6 3) , Horp AT R
Xof He S 3 B TR E 0~4 m SRS HE B9 L PN .

3 EFHERNE CE CEE5ERTANEBRABRNHELRY
Table 2 Correlation coefficients between droplet diameter, wind speed, flight speed, flight altitude

and droplet drift rate of agricultural plant protection UAV

AN TR SRS S ) SRS S A A G 2R KL

W H[EJ_ ES Correlation coefficient with drift rates at different distances
Influencing factor
0-10m 0-2m >2-4m >4-6m >6-10 m
%W H 4% Fog droplet diameter -0.20 -0.03 -0.24 -0.26 -0.29
K Wind speed 0.29 0.29 0.33 0.33 0.32
TRATHE Flight speed 0.08 -0.04 0.11 0.14 0.18
“WAT I Flight height 0.19 0.24 0.20 0.10 0.16

250 AR T 60~527 pm Z [&], KA T 0.70~3.36 m/s Z [8], RATHE AT 1.0~5.0 m/s, ©ATEIENT 1.5~5.0 m Z [H],
Droplet diameter ranges from 60 to 527 pum, wind speed ranges from 0.70 to 3.36 m/s, fly speed ranges from 1.0 to 5.0 m/s, and fly

altitude from 1.5 to 5.0 m.

3 it

RN IRt AN ek R =B I N ST [ 2 22 ST
W, 5 2B RN K45 R —2, #1140, Brown &

Giles (2016) 58 & BRI #IFR 1 2% 7.5 m AL EEEL LR
BCH PG 2 B 1 0.4% , FEALFR 12 48 mAbFE &
0.03% , 24 82% () IR 1) oL 4 vh e H (] i1 2% 7.5 m s
FEl TR 5 Xue et al. (2023 )0 SR £E KR T40 HLAIAE Y
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TR R . 5 ER A B — LA A ISR A L, AT
¥ 25 5458 i Meta 5317 & IS BE B /N T2 m 1)
R 28 A T R S 08 () 45 R (Pan et al.,
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CATHRMMA A CA S, 2021) FEEPFBES A
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