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Effects of different adjuvants and nozzles on droplet distribution
and drift when applied with UAV
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Abstract: [Objective] To explore the influences of different adjuvants and nozzles on the distribution and
drift of droplets when applied with UAV in the field environment. [Method] The droplets were dyed by
pigment staining. DJI MG-1S was used for spraying. The droplet reception cards were collected, scanned and
analyzed. The solutions of different adjuvants (p=1%) and different nozzles were used to compare the influences
of adjuvant and nozzle on distribution of droplets. [Result] In the lab spraying experiments, the solutions of
Yuyan oily and Heda adjuvants (¢p=1%) showed better effect on increasing droplet size. The IDK 120-01 nozzle
increased droplet size most significantly. In the field test, compared with clear water control, all adjuvants

reduced drift, most droplets were within two meters of the spraying route. The amount of droplets at 80 cm
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above the ground was 40%-60% less than that at 50 cm above the ground. Yuyan oily adjuvant had more

deposition in the target area. The IDK 120-01 nozzle showed the most deposition in the target area with less

droplet number per unit area. [ Conclusion] Using adjuvants and large droplet size nozzles can significantly

reduce drift and increase deposition in the target area. The anti-drift effects of different adjuvants are

significantly different.

Key words: UAV spraying; adjuvant; nozzle; droplet distribution; droplet drift

B A N DT3GR AN 55 3l N 13 ik
b, PEARAEAR 7= it 72 2 R 2 ) Sk itk gk R L AL
PRAC AN LA AL R 3 2, 34 L, R [ AR
RACIRAT K, Forb, £l e AHL I K R JE iR
T, T AAUAE LMV AEL TR A 0 B k)2 0T A
1k 2016 4, E4H AT 178 R H T AN
R A AR AR TE AL B 20 327 K FE /s
FEFERFREEDY 5 R 7R, 5. %
MR GHEY) L5 RS AN TAE S vTiE A
TWER T 60 £5Y, H HERAE R &, fE1E I fE oA
SRR T HEEE M), A B A BIEY, dEH &
A /NI S R X PR E . (H BT
AL = 1R PR, T8 A HLIE G B s & A/, H—
FROIC £ /N KA (1 sl T W8 Sk B 9 0o i Sk, S5 TR AL AR
BN (100 pm A7) o BT HAR 5 R AN 22 4 1 % &,
H A A RS AL TG A s A — e BRI LUK SR
FEARTC AN A, —MHEFE AR AT =N 1.0~1.5m,
T ARG w7 20 (RN THE 55 48), Wl
i B R, R, T AHLTE B AR 25 FE R A5 5
PRI LG . R AH SR 7T, TEAR 2R
HH 24 25% M40/ 253 P AL B HE SR X IR0
AR 2] 55 I AS T 3 A B 5 e, 5 A 3 AR i R
F& 5 o AH LS BRI AN R B R, BRI R BE AT R
T B 50 JE 32 AR P e L R 1 AU TE 2004
5, L 40 MY EAERDT 1700 AR ZGER
gl PR RS, Fb 1207 &2 R
% 5] AR U2, McNaughton 2504 84 75 B 97 rp 48
o ANHEEE TR 2.5% B H BB RS 25 30 B T i
R ST T HIE 23%. A FIMIBRE A A F R
FERRUBAEYD, BR B S 2RI 2 S ma i [ R 5 AN
S ARRERRVEFEPE . U 2,4-D MFEEEERK R
SRR BTN BT R i 7, B 5 R 28 RIS 2
EEE B AR R AR X 4. RIS TG AW Bk 57 v] Lok
B AT T TR B e A5 SR, (B R Ji) R E RR ) T
TE NI PG s B 550 PR mT AT P R0 S A o i Bh AR
W% Sk 70 5 2 RN B 3 S5 AL () R R Sk
RS B B R 5V 1) S5 A 5, B AN i nT

ES0R A T ) P O [ 2 R 5 A PR RO H R,
KB FIAIE 78 A Y IR 55 % 4% 330 4T 11 = A A
K W57 IR 553 I 90 52 o AR SCAE P AN [R) 28 5 i P
(RS Sk FNAN ] 2R b 28 (R B 7], 75 K H 3R 35 o 52
LB 20 TR ) R, T L B R S AR B A
OB R R e SRR e . ik — B it
% Bh R AN mE Sk SR AR S A ER AR TR, vk A
7= b H A A 2 s s R R R AL S5
1 MR55E%
1.1 #H

AR R PR TG A WL K 5E MG-1S ) \ie #
TN RINKSRANF BB AIRA R, ). 35
WA FH A PM6252A KA (RIS HEAE X
RAWRAF, JE) &, 55 A 7S AS817
FReURE T RE LB FH S ARA A,
FE]) 5o T AN [R] (10 Vgs Sk 7E FH ) PR 30 47 7 X
5o FTINARIEE K A5 Teelet XR110-01[ 45 A3 H50 5
HAR CRE) BIRAA, #E ], Lechler LU120-01
LU120-015. IDK120-01[ 3w i R4 (Abxl)
PR, A ]e Bt e G B 7R 6 4 L0 R A AR —
3G ROK 1 B3R 21 R #E BT 15 A% 1 R0 4 Bh 1) (R
YT FE R e BB S A IR AR, o ). B 2 )
7 (P9 )1] B AL T A PR A A, 1 E). KK DRT-NIS-
AP(CR K2 W], JE) F= Hiia 5960 B (F Wik
A HE], FE), 753 H 4 AR N B A K M R A
PR R R ORT = W . 3R E6 A SRR IR FE N
1 gL' B (6—FFH-5-2—-H & IH—4-
TR —5—FF 8 38 ) (B U252 IR — A ) (I =k
PR ot F BT A R A F, B ED, FEE AR pp-
208 M SR AT EDHLAR AR (FEREA PR A A, A ) #20k %5
o Z PR i E (HP)Scanjet G3110 8 A 41
A (AR AW, drE) 39, 5 HE SR
M1 4 Depositscan HEAT 43 H7 . = PR (% H DP-
02 ZR4 1% 200 FE 40 BT A3 (BRI 7 RR 36 T A 88 A R 4
], D) AN [ S Sk R0 B R T AR 0 S5 R AT
R A2 .



52 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

41 %

1.2 7%
1.2.1 REBA RGBS 7E9KE NI

[Fi) 5% Sk 25 YRR AR B, W7 ¥ /K I B o IUASRAR [7) B )
TV 55 R B R AN [ ) B AR DA AR R B
(0)1% BB I35 K A, AT Ja B a) 2 4
HBEAT & o HH IR0 AS [R] 05 Sk 1) 55 R R A 3008 R, {6 7
1 g L' B LL KV, HAR AR FRLE 1% IS INZLR
FeTK LB, VA1 F o HH R AS [R] B ) 55 2 2
UG, WA [F Bh 7 2 Sl AR AR B 1% I Z17R
SIJEHI 1T g L7 BB R KIE T, IR
1.2.2  RE) B Ak At k2t Tk iz 09 % a
RIS TE VRN U 1745 - Ak 1 00 A BR 2 =1 BF 90 B 44
W5 G S 06 5 N HEAT, AR IR “1.2.17 FCHIT R, T
DP-02 Z4 5507 B A4 30 mino AU FH AR B )
T (0 N 1% BTN FEK P I 3 12 | S fi, R AN
TR AT S w RN . Bk XR110-01,
LU120-01. LU120-015 A1 IDK120-01 43 51 W55 4 7% 7K
BEAT FZ W RLAR MR . WIS E R 10 s, W% R IR
0.48 MPa, fE M E T 3 K.
1.2.3  RAB kw2 X 78 H RIS, £
B 5 Sk 5 AT WSk R . L 2E AT 4 4wk
J& FHEKENTC A58, BEIF T ANSE (K
AT TP ot R A TR AR B ), TRV KSE R AT
EIE G, F 4 A EARHESE Sk 1S 35— & i )
(AARIG B 8] S 20 )0 45 1P, FH 2 0 2 s
SRR AA:

V=twV, (N
o VOISR AR ¢ W E], 55 v AR E
TN RATIEEE, m-s™'s w N E TE AWLBIIE, m;
Vo R TG AN AL TARBHE &, L'm™ . B mik
SRR RS Lo V4. HSEbri S it

351

Mo Ww
o wu o
T

Wind speed
"

R /(m-s™)
=

o
n

—o— Wi Adjuvant

RS (VG IR, ATREATEEAS It

1.2.4 BB A ik AR Sk A2 K W IR P ot il ed
FAmZA R T 2018 FFEAETL IR A 44017 H ) 3

A7 o R0 Tk i Hp s B 0 X B B XGRS R DA
& o ANFE BRI R E N 12~13 °C, BRIRB)E
45%, MJE 0~1.2 m-s™', KUEEC AT E (B 1), ANH
Sk R BT E N 9 C, FRIEIE 40%, KHE
1.7~-3.0 m's 'o iR A, FATC = . 8 H KEE MG-1S
TEAMLAT XR 110-01 Wik, ## “1.2.17 #HR A
] Bh AR AT B AT 2R B 7 1) AT WS, ¥ 7K s
WVE NI, RATSEOREN: & 1.5 m, BiE 3.5 m,
RATIHSE 4.5 ms™, B TARBH & 18.75 L-hm ™2,
AT S R A R B, IE 2R K ATEE RSN 100 m,
5 370 X 4 R v BE B 50 m F NG 22 vh X . A
PC & L€ 2 kMR, 75 25 0.5 F1 1.0 m.
76 100 m [ AT LIS B S, R A
TETHEXS KA, SPAT T RAT 7 o AR XU, 7E R R
X LAAS [A] [ BE ¥ B 25 WU, 2l Bl gt 1.
2.5.10.20 1 50 mo FEMLZ T J7 3550 [H € 55 i %
Wk 25 A, SRS E 2 Bros. &S
HE 3R, Bk 3 RE WMWK, SO IR
B H = FEILR 15 NEE, ik R
75 KEH R (IS ANER). BIREEEREREHE
PR IEN A4S, 7R = AT R T
SN 5517 78 75 2% B DU B AR 20 A o ZEMT S
R, (R AR R 1% W8I0 2T /388 7K 1 B 7 14
BIREE N 1 gL BB R KB, A it
AT . F FAE 7 VR A B U S R IR O
BT T BELARE AR E R 4 K, 8
e 4 RS TR, WO AR PR R R RS e R
H 20 ANEE, FiLk TR LU 100 5K F R
(100 MEH).

—e— I 3k Nozzle

/

(=]

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53
R g

Sampling number

1 R REP R REL L R

Fig.1 Wind speed changes during experiments (random test)



% 6 1 M 18, S K HE IR EE AR AS W) B RS Sk I8 AATUIE PG 2515 20 A FHISE RS (14 52 1) 53
A % Z
= % S .
[ g Bt
- E%Ef:: 50 m -
23] >
X 20 m
10 m
[ ] 0] 0] 0]
1-52-53-5  4-5 5-5 6-5
s L8 i 0 8 i i
. apa=)
£l =% E[ S 1-42-43-4 44 5-4 6-4
2| RsE SEv|un @ ] g g
- Sz @ [1-32-33-3 4-3 5-3 6-3
=)
= a0 0 8] 0 1]
1-22-23-2 42 5-2 6-2
a0 0 8] 1] 1]
<T-12-1 3-1 4-1 5-1 6-1
x & 2m
g £2R K
= £y 5m
N [aa]
3.5m
R[]
‘Wind direction
B k 50 m A
D 20m >
[ S|
' 10 m '
7:— A 5m
h
!
/"':\\:\ 2m
/ST _ _ _
’I I‘ : \‘\\
Fpg by '/ l/ ', D/
g Py
w | /] \IAIHBIHB-TH||  4-1H IH
b A B
R IV
rof ‘%—1 11} [3-11 4-1L 511
1 | \
1 | | \
N | [N
/12 Joob b
3.5m JRU ]

Wind direction

A FEIRTEAHUBHRT L I A 237 () TR 5 s B: JE ABLBEHR D7) A 2530 20 R 0 T s = P

A: Schematic diagram of aerial view of plant protection UAV spraying routes, wind direction and distribution of droplet; B: Lateral diagram of UAV

spraying, wind direction and distribution of droplet reception card

2 EREBRERETHEREAEREE

Fig. 2 Experimental arrangement diagram in field for droplet drift amount estimation

1.2.5 ARRBAEZEHHEAOY 0 NTHR
AN[E Bh STk AR 34 5] BE 52 A, 42 =00 B Z R
7oA )51 (Relative SPAN factor, RSF) {8 :

RSF = (Dgg — D19) / D5, 2
A, Dogs Dy 1 Do 53 9 8 R AR 454 90%-
10% 11 50% H5 KRI85 B0k A% « RSF AE /), i
HH RS R o

2 EREDR

2.1 AEBIFIFRMAELEL T EFRARR N
FH I 3A ] 0L, S4B A F BIFIE R (0 N 1%)
INF, R (Dsg=162 pm). KK (Dso = 146 pm) B

P& 15 AR P R ZMR T MUK ( Dsp = 126 pm),
G (Dsg = 126 pm) AL AE (Dso = 127 pm) Bl
7)o B 4 AT L, R ZHE IH A AR K Bh 7 LR R AR /N
T 103 pm 19 5535 LL A FEAR 22 17.73% 1 20.16%
T R 88 K S = 7 30 (g B 7R W% 37 B R AR /N T
103 pm ) 230 LA 34.15%- 34.51% F1 34.87%.
I, B 3A s T ASFEIBIFIR R 2345 B (RSF)
1520, RSFAE B/, 1B Z ki ige b, BRIk
R R 3486 Y B 1) R P R A2 38 5 B s Hi At 3 B
By . B 3B ATLLE H, 78 4 Mk, IDK
120-01 M5 Sk W55 97 1 55 i R A2 24 oAt 3 N wE sk 1)
2 1%, BHEIE K TRAR . AR 3 ANk 1) 5
MR THEZ R



54 HaEg L K224 (hitp://xuebao.scau.edu.cn/zr/hnny_zr/ch/index.aspx) a4 E
mp, [ ]
350 Dy RSF 114 350 =Dy  ®RSF 1 1.40
A, . . B 1138
300 F 112 300 F . 113
8550 . 1 Bosgl @ 11
Eg 0 . 1.0 g5 _ ?33
.8 200 F 40.8 .8 200 F 1130 =
=7 % = . e A
=BIs0t 106%  E B 1501 1128
= e =g, 11.26
& 2100} 104 Bk 2100 1124
% s} {02 ! 1122
’ 11.20
0 = s T 0 0 1.18
MIREKE WA KRR TNE e & & ¥
Yuyan water Yuyan oily Heda Huntsman Jijian > 0{‘/ \,\9
Bl = N S N
Adjuvant 5 3l
Nozzle

B3 ¢ 1% WARBFIIER (A) FRERSLET (B) FIEFRE (Dso) RS HII5E (RSF)
Fig. 3 Droplet diameter (Ds) and relative span factor (RSF) of p=1% solution of different adjuvants (A) and nozzles (B)

= D<73pum ¢ D<I103 pum

N
(=]

W
(=]
T

—_
(=]
T

FRLAE & /%
Droplet diameter proportion
S
0

0

FMOKYE mMGmrE KX Fing B

Yuyan water Yuyan oily Heda Huntsman Jijian
Bl

Adjuvant

4 TEBENFIER (9 7 1%) BEHERRE (D) StE
Fig. 4 Droplet diameter (D) proportion of p=1% solutions
of different adjuvants

22 ARBFIBREXERETHEANBRESE

yEba ikl

XFLE 5 Ff B FEE I (9 9 1%) A1 7K AL 25 15
75 DX AN [ B2 2 1 55 3 % P o A (1 S) wT L, B
BhFRIER B ek D> T Z RS . SR RS
2 P X 3 PR B ) i 2, K 43 1 5 R AR
BT Xk 1 A2 m BRI E R R . E
15 5 m A BRIk D o BRI, BEHE 50 em 4R F
TR LB 80 em Ak ) 55 3 R B N &)
40%~60%. 7F B 80 cm Ak, HH B W X 5 1~
50 m BE B N IER 55 A SR 2 B Dbk
9iEIK (05395 pL/em?y>AR KB (0.4075 pL /em?)>
B B (0.378 9 pL/cm?)> N 3 7K 4 Bl 71
(0.3170 pL/cm’)> R #3114 B 751 (0.283 2 pL/em’)>*F
Wi Bh77 (0.2349 pL/em?). 7E B H 50 cm AL, #H 2
WP X 3 1 ~50 m #6552 2K
UORTE 7K (0.9018 pL/em?)y>fd B35 (0.7116 pL/cm’)>
R 26 1 Bh 7 (0.679 1 pL/em?)> &K K B 7
(0.633 0 uL/cm?)>F #E K LB 7] (0.577 1 pL/em?)>=
Wil W) (0.3959 pL/em?). SHARKKE, = Wi Bh7)
B 15 55 A R R IS, G IR R G K AR 1 B

7)o TR e H P B A CE B 4 50 em AR 10 55 i DURR B
KT T S 7K P B 741, 17 7E 25 M 80 em Ak 1 55 3 UL
FAE /D T MK VE B 7], L e it 4 B 77 25 35 B
AR B 77 BE A AR T BRI X 3 1. 2 A S m (R
B, R E MU E R 98.6%, 1M 7E 104 20 A1 50 m
PE B YE N I 5 VTR FE O 0.013 5 ul/em’®s Y 4
K Bl 770 25 4k BRSSP (X4 1. 2 A1 S mf) 259 DU
B 5 EER 96.9%, ££ 10,20 F1 50 m FH 2 76 FE A
M Z RO B~ 0.028 1 pl/cm?. 15 B FR 3 i 4 B
TR M B A 1 B A 58, TR RS 22 B rh T I8 X B
I, TR 7 AR BT - R OK B 5 i
FeBAE B H 50 cm AR S HE BRI ZE A £, H
TE B 1 80 om Ak 55 ¥ 32 F% & U B\ i T 9 A K
B S50 R0 it P B 7)o e B 7] 1 S FS PR A T
b JUAN B A, FEFEBSBH X I 10 m AR 2 5
T, FIE K 1 5 i DR R AR .

M 6 T W ki SR B B ok &R . T
W RAEWCER RN 8 2 W) 75 20 ), BRI 25 < b
ZA — R, F 0 RAT b S B AR i
Ko B BTG X 3800 & B K, R 1 55 MR
Wb . BB, [F— P, B 50 cm b sk
f 0 kAR KT B H 80 em YK B B Z R AZ, Ui B
BORRLAR 1) 553 TE 45 5 Db BB AR AL B o (HBE
FEEBSHYOR, 2 /> 20 Hb = BE AR WACAR 1) 25 R R A2 T A
T, E WA X I 5 m 4k 2 NEERER A CL
AEW AT . FE B WE X 4 1~2 m 0 FE 9 YRR 1 B
R4 KN KEURIE K> T A Bh 77> M HK PR Bh fl=
ey B A=A K Bh > B B . w] WA 2%
MR = TR AS ORI IR, Wb T BRI R I
5.

N1 e MBS, e SR EAE T
T3 WP H AR DO S U =, RIS PR T
WS P X 3 BT 250, 6 G X 55 i AT



o Br W, S5 X HHEREE b AS (5] Bl 70 FH S Skt T8 A MLETG 5535 23 A0 FHEAS 1) 2 ) 55
"lm =2m =5m =10m =20 m =50 m
LOr A: Biib 80 cm LOr B g 50 cm
80 cm above the ground 0 cm above the ground

& 08 & 08

§ 58

2206 2206}

= & = &

] 3 i S

X B | X B |

E ?—;« 0.4 HLE 2 0.4

E A 2 A

£z ZAQ

R 021 B 02}

FHE Wi
Water Yuyan water Yuyan oily Heda Huntsman Jijian
B
Adjuvant

HAK WROKME Wt KK

(=}

FEE W
Water Yuyan water Yuyan oily Heda Huntsman Jijian
B
Adjuvant

HAK WHoKYE MRhE KK

E5 TABGAREBFIRR (0 5 1%) EEBAXEARESHNEHIAE

Fig. 5
sprayed with UAV

slm =2m

1600

1400 L 80 cm above the ground .
1200 B I .
1000 -

A: B 80 cm

|
800
600 .
400 -
200 -

Z R/ um
Droplet diameter

K MMOKEE AR KK FE B
Water Yuyan water Yuyan oily Heda Huntsman Jijian
B
Adjuvant

Droplet deposition of 9=1% solutions of different adjuvants at different distances from the spraying area when

s5m «10m =20 m =50 m

16001  B: BiHh 50 cm
1400 L . 50 cm above the ground .
12000 | . . [ .
g & BB
2 g 1000F .
ﬁ"g 800 - l
111
ﬁg 600
8 400 -
200 -

K WHUKE WREEmE KRR FHNE OB
Water Yuyan water Yuyan oily Heda Huntsman Jijian
B
Adjuvant

E6 FTAHNBHATERBFIZR (0 A 1%) EEBUAEXE R ERESHEFRE

Fig. 6 Droplet diameter of p=1% solutions of different adjuvants at different distances from the spraying area when

sprayed with UAV

W ERASI, S5 SR ANIEL 7 B o AEME X4k, AN 1R
e Y 1 B 790 AV RAE H AR XSRS & 2 T oA

035 a
~ 030}
(=]
58 o02s)
o
= 2020f
o
gg 5 015
o
;E S0.10}
e
¥ 005t

L DU Ui
Water Yuyan water Yuyan oily Heda Huntsman Jijian
Bh
Adjuvant

K mEOKTE MM RK

b T A AR 2, BT b AR P B R R 2R AR
(0= 0.05, Student-Newman-Keuls)

Date in the figure represent mean value + standard deviation, bars with
the same lowercase letters are not significantly different according to
Student-Newman-Keuls (a = 0.05)

7 FANBSARFEBFLAR (0 73 1%) FHIRXBAE
EEIRE

Fig. 7 Droplet deposition of p=1% solutions of different

adjuvants in spraying area when sprayed with UAV

WAV A BB 7K o 25 7R 55 3 DURR 2 K B80N W e
WPEB 7 (0.298 2 uL/cm?)>#{& B 7 (0.260 8
pL/ecm?)~AR KBHF (0.2547 pL/em?)>= ¥k (0.2121
pL/em?)= I #EZK 1 B71 (0.2015 pLl/em?)>iE 7K (0.1783
pL/em®) . {H Y eV 1 B 75 5 8 d . R KB i
WG R EER . . R FHE B
[ TR 25 25 5% o A W e /K B3] 5 37 K TR) 2
B 7R B, XS R H AR X IR
BRI A R e P B 7 o = B B 7 R R 3 7K 4 B
FINE 5 G 7E H AR X T R 3 Bh /N o Bk ] I,
TE RTINS FhBh 7R, W Bh A H bR X
DU BRI EETH ROR R I . BT A BhifIAR Be B 2.
I, 17 8 TR P SO AN R K B 7R e Y 5 4R
151 55 T AE H AR X iR &
23 EATEMBLAERHIFETHEANBES

VEba il oAl

XL 4 AN [R] 0I5 Sk 7E 525 W55 [X 384 ) PR 25
Ak vt 25 B, BRI 8 T L, S5 T AR AR % Sk )
T8 v 8 V) D788 A R A 1 A LG B S 55 o X



56 HErg ROl R 2= 4R (http://xuebao.scau.edu.cn/zr/hnny _zr/ch/index.aspx) F 415
=lm =2m =5m =10m =20m =50 m
247 24 1 . o
22_A:%i‘ﬂ}.80cm 99 | B: &b 50 cm
2‘0 80 cm above the ground 2'0 | 50 cm above the ground
T l8F 0 T8 [0 . .
S .2 L S .2 L
Sy Sy -
=2 1.4 = 1.4
< 121 0= 1.2
B3 10} B30t
2508l 250 |
ER ZAR
wR o~ 06T wR o 06T
04T 04
021 0.2
0 XR110-01 LU120- 01 LU120 015 IDK120-01 0 XR110-01 LUI120-01 LU120-015 IDK120-01
Nozzle Nozzle

B8 FTANE &Rk THIREBERUEX A RE SN ERIRE
Fig. 8 Droplet deposition at different distances from spray area when UAYV is equipped with different nozzles

AT RE AR H T S H TR XA B B 750 00 1A ) ¢
AFaE S EH . XR 110-01 W55 Sk BE7E 254 50 A
80 cm 1) Z i S B AHUT, IDK 120-01 M 3k 2 X
FEo XR 110-01 M5 Sk £ &N P BT 2 AN 5 i BE 1)
SR AR AR, {5 IDK 120-01 15t 3k 7F B 55 1557
X3 10 m PA_E )47 B, BHh 80 cm 4b 55 i TN
R T B 50 om AU R . Bk
(1) 55 75 10~50 m BT 5] F- U0 BE B R & . LU
120-01 A1 LU 120-015 M3k 1) 55 1% 75 25 4 80 cm El’ﬂ
M D T 50 em AR F) R E T = .

H LU 120-01 M% 3k b BH B 57 A5 1~50 m 1) 'ﬁ'%
WE/DT LU 120-015 WL B E K&

F 9 T] AN [R5 Sk 1) 25 R RL AR, DA R AR N
ERESENXR. HTZHRERENRRZEF
B A, R E W R EEEA e RERY L &
TR LS BRoRL AR K o BE A 25 809 DX 3 B ) 3
K, WK 1) %5 R AR B D> . XR 110-01 Al
LU 120-01 M Sk 75 AN PE 25 s B 1 50 A1 80 cm 4k
() 2 kAR Y M . LU 120-015 15 3k 1) 55 i ki 4%

slm =2m
2500
A: 2 80 cm
80 cm above the ground
2000
s .
E =1
= 21500}
¢ s
=7
=g
ﬁ 5 1000
A
500

0 XR110-01 LU120- 01 LU120 015 IDK120-01

Nozzle

TE &N EEE KT XR 110-01 AT LU 120-01 W53k )
FRLAE, TR B W X 4 2 m Y5 A B 50 cm
b i R KT 80 em Ab, T B A% Sk K
KR I 55 WA Ui BRI AL B o Bl A R
K, TE BB XI5, 5 m AbAS [R] 25 1 s FE U 11 557
KR g T M. IKD 120-01 Wik ) % i ki iz
182 N A, B3R 50 cm B LU
120-015 Wik SRR . FEBE R 1~50 m Y UL
) %5 % B2 K 7N K808 IDK 120-01=LU 120-
015>LU 120-01=XR 110-01. A ){, IDK 120-01 Al
LU 120-015 Wik vl #2m ki . 45& K 10 Af
DL, 550 R0AR R 3G I A B3 T Hﬁl:ﬂiﬁﬁ%zﬁ
DU . [RIFE B BAL I AR & T, IDK 120-01 Fi

SLAE HARBE X 38 (28 T 77) Eﬁ%(ﬁaﬁf%ﬂl%%ﬁ
(0.3953 pL/cm?), LU 120-015 M3k H bR [X 38 5 1T
FRERZ (0.3252 uL/cm?), W& HE T LU 120-
01(0.206 0 pL/cm?) F1 XR 110-01 53k (0.1977 pL/cm?)
76 H bR XA Z i AR . R, RS K SRR
(1M Sk A A4 3 0 B AR X Sk S5 iR . (H2

1000 |

{111

0 XR110-01 LUI120- 01 LU120 015 IDK120-01

=5m =10m =20 m =50 m

2500
B: & 50 cm

50 cm above the ground
2000

1500 -

ZM AR/ um
Droplet diameter

Nozzle

9 FANE &N EBESLETHUREBRUAX ST RIE BN E R

Fig. 9 Droplet diameter at different distances from spray area when UAYV is equipped with different nozzles



6 1 5

W5, S5 K AR 85 mh AN ] B AN Skt e A ATLIGE I 25358 73 A1 AR FX) R 57

59K AR 5 2 KR A . L 35 R
CINS 70 TE

0451 a
0.40 b
g ,S 0.35
é.%' 0.30
~ % 025 ¢ C
¥ <
KB 0.20
%gow-
EA i
e 0.10
0.05

0
XR110-01 LUI120-01 LU120-015 IDK120-01
g3k
Nozzle
B s IR 22, A B B MR P R R R E R AR
(0=0.05, Student-Newman-Keuls)

Date in the figure represent mean value + standard deviation, bars with
the same lowercase letter are not significantly different according to
Student-Newman-Keuls (¢=0.05)

E 10 Fo AHLEC & A ER5E Skt T IS0H fE iR X s R Y 3
MAE
Fig. 10 Droplet deposition in spraying area when UAYV is
equipped with different nozzles

501

i a
45 ab

40 b
235¢
230+
S5t
[}
220 F
2
w®a sy
10}
5.

% ¥ /om 2

B

0

XR110-01 LUI120-01 LU120-015 IDK120-01
LS
Nozzle

PR P B E AR AE 2, AT BT RE AR BEROR 2 R A B3
(0=0.05, Student-Newman-Keuls)

Date in the figure represent mean value + standard deviation, bars with
the same lowercase letter are not significantly different according to
Student-Newman-Keuls (o = 0.05)

E 11 FTANE &R RSk TR AR X N B B8
il
Fig. 11 Droplet density in spraying area when UAYV is
equipped with different nozzles

3 g

AT S0 5 I W W ASORT B S 1)
KH B EE, LT T 5 FEhA) (WK
Tl W e P B )L RO B AR S fEE B R AN = i Bh
), LR 4 FhE sk (XR 110-01. LU 120-01. LU 120-
015 A1 IDK 120-01) ()55 R A2 FIEAL KR i o AT
T B A a5 Ding &5 (= NIF RS R
K. AR, ZWMPAS ZMESRE R
VIR, 8% 32 B2 i/ ) 25 51 2. Bhiflae

L3 — 58 B INRLAE L 98D W55 % A AR B, AT
I8/ 5 R R AN I H AR DXSTRR = . A [F 1) 35
PR (R DR IR 22 580K, 1X ] B A2 B B
()80 22 SR 3 BT o AN A6 2 b B 770 )8 vl AR
PR B R IR AR R B B T K B A . B
FIAL REAE L B PR 55 G R AR Y, B Re e =i 55
T PR R S S R, BRI LG T e A AL VG T, 4
FEMINBIF o i AH BT B, ik LS 0 SIS
{140 5 50 B 2, 8 B 52 ) 5N R AR RTE H AR X
BRUTRE . SR SRR KR 2 B SR AL T
55 W B0 b, ST 55 7 56 2, T RE XS 2 7
B7 25 s e 7Y, R A B 43 Sk B AR 2R B R
AUGRI A4 T

1) 762 AW, LW A R B ISR (o N
1%) B, [ 3 70 P R0 R K B 71 92 51 55 10 R0 458 1 A%
P T WK T WA AU B ). IDK 120-
01 MkAH LA 3 FRmik BRI K T Zki T . XR
110-01. LU 120-01 F1 LU 120-015 53k ) D5, KEL
N 105 pm, Tfj IDK 120-01 i% 221 pm.

2) fE R MR, B 70— e F2 R B %
KT . KBS T 2R X 8 1 f1 2 m
PR Z R b Bt 80 cm AL F MU B ELE
H 50 em I Z R UTRE D 40%~60% . [ i1 1 B
FIDT R M W MK P B 70 B 5, T3 A% 58 A b T
X PR o %o EEAEMTER T 7 W55 B AR XIS AR 11 55
DURR R, W RGP BhFUTE H AR X i = K .
BB W iR B3 K TE 7K

3) KHMEE T, B X $5 LAk 1) 55 DU 7R
B M S [R] £ 72 L0 R b g B ] 119 28 1 R PR 2 55
B H PR XN 15 UTRE IDK 120-01 W5k i K,
AT XR 110-01 W53k 1 %, LU 120-015 mi3kik
Z o PURLEANWE SRR LR AR AL, RE A R R
BT SLTE H AR XA B MK (BB R
Ny o AR RRELAR W Sk 5530 1) 7 25 28 (PR TR AR 5500
) Bk,

AT Ay 3k — 5 R 0 e ) B 70 R0 Sk 08
SRR T HE R, BN BRI AmE Sk AR H
(RIS R R B AL T S H KA

SE 3R

[11 WANG M, JIN H. Spray-induced gene silencing: A
powerful innovative strategy for crop protection[J].
Trends Microb, 2017, 25(1): 4-6.

[21 QIN W C, QIU B J, XUE X Y, et al. Droplet deposition
and control effect of insecticides sprayed with an un-
manned aerial vehicle against plant hoppers[J]. Crop


http://dx.doi.org/10.1016/j.tim.2016.11.011
http://dx.doi.org/10.1016/j.cropro.2016.03.018
http://dx.doi.org/10.1016/j.tim.2016.11.011
http://dx.doi.org/10.1016/j.cropro.2016.03.018

58

HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

41 %

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11

f—

[12]

[13]

[14]

[15]

Prot, 2016, 85: 79-88.

WANG G B, LAN Y B, QI H X, et al. Field evaluation of
an unmanned aerial vehicle (UAV) sprayer: Effect of
spray volume on deposition and the control of pests and
disease in wheat[J]. Pest Manag Sci, 2019, 75(6): 1546-
1555.

YAN X J, YUAN H Z, ZHOU X X, et al. Control effic-
acy of different pesticide formulations and fan-nozzle
model on wheat aphids by UAVs[J]. Int J Precis Agric
Aviat, 2020, 3(2): 35-39.

ZHOU L P, HE Y. Simulation and optimization of
multi spray factors in UAV[C]//ASABE. 2016 American
Society of Agricultural and Biological Engineers Annual
International Meeting. Michigan: ASABE, 2016: 1.
ZHANG P, DENG L, LYU Q, et al. Effects of citrus tree-
shape and spraying height of small unmanned aerial
vehicle on droplet distribution[J]. Int J Agric Biol Eng,
2016, 9(4): 45-52.

ZHANG P, WANG K, QIANG L, et al. Droplet distribu-
tion and control against citrus leafminer with UAV spray-
ing[J]. Int J Robot Autom, 2017, 32(3): 299-307.

BRI T, 2. SE AR HORBUIR AN K J i 35 7y
BT[I]. RMHU AR, 2013, 44(5): 194-201.

YUANH Z, YANG D B, YAN X J, et al. Pesticide effi-
ciency and the way to optimize the spray application[J].
Plant Prot, 2011, 37(5): 14-20.

XIE C, HE X K, SONG J L, et al. Comparative research
of atomization process for two kinds of flat fan nozzle[J].
Trans CSAE, 2013, 29(5): 25-30.

Ty, TR, RUER, & BRI SS T KR X A [R]
SkE TS ISR T]. Ak TRE2E4R, 2015, 31(22): 49-
55.

LEE S J, MEHLER L, BECKMAN J, et al. Acute pesti-
cide illnesses associated with off-target pesticide drift
from agricultural applications: 11 states, 1998-2006[J].
Environ Health Perspect, 2011, 119(8): 1162-1169.
CHEN Y, JIANG L J, DOOHAN D. Response of
glyphosate-resistant and conventional soybean grafted
plants to glyphosate[J]. Weed Sci, 2018, 66(4): 433-438.
MCNAUGHTON K E, SIKKEMA P H, ROBINSON D
E. Response of processing tomato to simulated
glyphosate drift followed by in-crop metribuzin applica-
tion[J]. Weed Technol, 2012, 26(4): 757-762.

CHEN Y, QI HL, LI G Z, et al. Weed control effect of
unmanned aerial vehicle (UAV) application in wheat

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

field[J]. Int J Precis Agric Aviat, 2019, 2(2): 25-31.
NITA M, ELLISM A, WILSON L L, et al. Evaluation of
the curative and protectant activity of fungicides and fun-
gicide adjuvant mixtures on Phomopsiscane and leaf spot
of grape: A controlled environment study[J]. Crop Prot,
2007, 26(9): 1377-1384.

VANZYL S A, BRINK J C, CALITZ F J, et al. Effects of
adjuvants on deposition efficiency of fenhexamid sprays
applied to Chardonnay grapevine foliage[J]. Crop Prot,
2010, 29(2): 843-852.

SHIL L, CHEN F L, ZHENG F N, et al. The influence of
triazophos deposition on rice leaves by adding spray ad-
juvants[J]. Sci Agric Sin, 2009, 42(12): 4228-4233.
ROBERT N K, JEFFREY A G. The effect of spray
particle size and distribution on drift and efficacy of herb-
icides[J]. Asp Appl Biol, 2004, 71(2): 44-51.
FERGUSON J C, ODONNELL C C, CHAUHAN B S,
et al. Determining the uniformity and consistency of
droplet size across spray drift reducing nozzles in a wind
tunnel[J]. Crop Prot, 2015, 76(8): 1-6.

HILZ E, VERMEER A W P. Spray drift review: The ex-
tent to which a formulation can contribute to spray drift
reduction[J]. Crop Prot, 2013, 44(20): 75-83.

BUTLER E M C, TUCK C R, MILLER P C H. The ef-
fect of some adjuvants on sprays produced by agricultur-
al flat fan nozzles[J]. Crop Prot, 1997, 16(1): 41-50.
DING S M, XUE X Y, QIN W C, et al. Influencing
factors research and performance experiment on droplets
deposition at low wind speed[J]. Int J Precis Agric Aviat,
2019, 2(1): 46-51.

Bipe s, e, RUEH, & bRdk Y 5wk S T AR
WAL HT[I]. A TREZAHR, 2007, 23(9): 95-100.
DEXTER R W. The effect of fluid properties on the
spray quality from a flat fan nozzle[M]// Pesticide For-
mulations and Application Systems. ASTM International.
2001: 27-43.

WANG G B, LI X, ANDALORO J, et al. Deposition and
biological efficacy of UAV-based low-volume applica-
tion in rice fields[J]. Int J Precis Agric Aviat, 2020, 3(2):
65-72.

T oA HOR 55 RN B 7 o L ZE W B ROR &
HF[D]. db5: H ELR R B, 2016.

[RfEHRE F0t]


http://dx.doi.org/10.1016/j.cropro.2016.03.018
http://dx.doi.org/10.1002/ps.5321
http://dx.doi.org/10.1289/ehp.1002843
http://dx.doi.org/10.1017/wsc.2018.18
http://dx.doi.org/10.1614/WT-D-12-00015.1
http://dx.doi.org/10.1016/j.cropro.2006.11.010
http://dx.doi.org/10.1016/j.cropro.2016.03.018
http://dx.doi.org/10.1002/ps.5321
http://dx.doi.org/10.1289/ehp.1002843
http://dx.doi.org/10.1017/wsc.2018.18
http://dx.doi.org/10.1614/WT-D-12-00015.1
http://dx.doi.org/10.1016/j.cropro.2006.11.010
http://dx.doi.org/10.1016/j.cropro.2016.03.018
http://dx.doi.org/10.1002/ps.5321
http://dx.doi.org/10.1289/ehp.1002843
http://dx.doi.org/10.1017/wsc.2018.18
http://dx.doi.org/10.1614/WT-D-12-00015.1
http://dx.doi.org/10.1016/j.cropro.2016.03.018
http://dx.doi.org/10.1002/ps.5321
http://dx.doi.org/10.1289/ehp.1002843
http://dx.doi.org/10.1017/wsc.2018.18
http://dx.doi.org/10.1614/WT-D-12-00015.1
http://dx.doi.org/10.1016/j.cropro.2006.11.010
http://dx.doi.org/10.1016/j.cropro.2006.11.010

