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Research on the application of air induced nozzle in rice
disease control by plant protection unmanned aerial vehicle

FENG Yuru', WANG Xiang®. XU Shaoging®, YU Xiangging®, LI Tian*, HAN Leng®. SONG Jianli**
(1. College of Resource and Environment, China Agricultural University, Beijing 100193, China;
2. College of Science, China Agricultural University, Beijing 100193, China;
3. Shandong Agricultural technology Extension Center, Jinan 250199, China)

Abstract In order to understand the effect of venturi nozzle application in unmanned aerial vehicle (UAV) on rice
disease control, a venturi anti-drift nozzle was installed to a UAV to analyze the droplet deposition characteristics and
the control efficiency of rice blast and rice sheath blight. The results showed that: The deposition of droplets in the
upper and lower part of canopy and the overall deposition of droplets with venturi nozzle exceeded those with the
conventional fan nozzle; The use of large droplets in UAV improved the penetration of droplets in the canopy and the
uniformity of droplet distribution within the spray area compared with small droplets; In terms of grain blight disease
control, the application of venturi nozzles in UAV for plant protection was 80% as effective as that of the backpack
sprayer, and 30% more effective than the conventional fan nozzles. Therefore, rice foliar diseases can be controlled by
the application of venturi nozzle in UAV.

Keywords unmanned aerial vehicle; anti-induced nozzle; droplet distribution uniformity; droplet size; disease control
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AT O i D AR R T N TROBL 25 TR RS TR R B Rt
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1 MBERE

1.1 #HiXAFFERF

HEIR 24 570 SR 25 48 750 mL/hm? (1. 7 % B 4 14
R4, 3% HE K BERE) + Bk 22 600 mL/hm®
(125 g/L Z [k B R W + 200 g/L M5 S ) + T ¢
300 g/hm® (50 % ML BF flid ) +75% = ¥R Wk 450 g/hm”
(Syngenta Group, H1[E) ; $8 /- M AW EE 2 g/ L JH A
S0 (g YeRbF o8 A BN W) gl o A vl R ED
1.2 KBS {8

DJT—MGI1P Z g% s I N €L R IR A8 B
HoA B A AL D L mE Sk 2 RSk H R R TR mE Sk
LU120—01 ( Lechler, f &) F1 3¢ F= B By 90 w5 3k
IDK120—01 ( Lechler, 7 [ ); ¥ fi =X Wi %% 2%
WSJB—6 (LA T A AR AL A BR 2 &, D, g
LT R ] R BC B A 25 O [ HE 25 WSk 5 i bR A
(BIO—RAD, & FE A1 5 ) F ofe 7% 352 57 7 i 55 8 b
Y UL FR 45 Spray Tec % $7 42 {% (Malvern
Instruments Limited, 5% E) A 3 M i W% sk 2% 7% ki
15 B L T QRN ZR TE R e A RS &1 v D
e WA 7 B R AE I 55 AR b i DR
1.3 BRABLItRELKAH

Fos o T R 225 SR T 0.1 %% B Al B 7 2 1 9
i 3-80 (Solarbio, 1 ) 5 % ¥ BE JIA g 21 ( i
YRI5 T A BR 23 ) 3l 4 | D i T A
W2 4.5.6.20.30.40.50 mg/L Yl i £ 45
WET W B AR A T I 505 nm I H: W8 % FE {454
W B 22 3 Uk, RO 35 6T A i 20 A o 375 VR ik
JEE b v i 2 FH T OB A
1.4 BWEAEBMARERKBREHEIRMX

il ZE

1) 155 3k 55 i R A L

N T WESE 554 R TR A 5 AR 3R 6 )
LU120—01,IDK120—01 (Lechler, f# [ ) m% 3k ¥k 17
5T A T 3R, 4k X3 A g sk R O BE RS 0.5 m
Ab 55 3 7 0 B P 1Y) 55 K A AR b s R R R
B B R R E 22 °CL60 % . I A TN T K L B
YO B 8] R 30 s, W% R J) 2 0.3 MPa [k 77,
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IR R % Sk A A 5T 25 M7 28 b L WSS IS
SRR B HOL T B A B AL T 5 R — i 5
B 25 L 5 IR 1A F) 0.3 MPa J5 . i 8)

M 25 M1 48, Mot Sk 3 B O K ERE 3 (B 1),30 s i
BOLRN IR o — il 0l k. Akl
RELE 3K,

sk
Nozzle

E AR
Droplet test line

W LL A AT UATE A SRR sk N 7 BE R 0.5 m b 55 Wi 37 105 11 79 119 2500 5 1 €0 = fA
T B N 2 W5 55 [0 FE RS04 B T T o 20 €0 55 3 0 3K 4 Dy WL AR T B A 3

The orange parallelogram A represents the droplets within the spray range at a

distance of 0. 5 m below the nozzle. Blue triangle B is the fan surface formed by the droplet

spray. The red droplet test line is the location where the machine acquires data.
B1 EfuENirEE

Fig. 1 Schematic diagram of fog droplet size test
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117°01 ) #EAT , B K A 5 Fp 20 822, K3 R 4F, K
FEAL T orBER W, P34 BE 0. 65 m, M I AR 45 5K
6.7, IR A H o AR 27 °C P BT
MR 89 %, R Ky 1. 6~2.4 m/s.

3) 7K e e 2 55 T DB 1

A3 0 HEAT 3 AN ALER L PRI 1, AR AREE 3
WHEK , HARTCA KPR DIT—MGI1P 43 | Bt %
HOHLR B IS Sk LU120—01 15§ 3k A1 3¢ e BB 3055 1K
Mtk IDK120—01, P4 Fh it 3k 35 R 85 55 £ 120 °f9
ISO01 5 W 3k, W 3k 3 & 0. 41 L/min, W5 % & J)
0.3 MPa, A4 B AT S BOMF . b T [ A 47
TEN ML LY L 3 1 75 6 20 25 248 28 47 X6F Bl
R, PEBOUKR Hdc A7 8 9 A B g 47 56, R ]
Pk i B 2 [ TR 5 m, Sk 1 3Bk 4 55 3 SRS o A
VOB A 1 B e i 2 B BB Y I 2548, 1
et He i A A /N DXBR B A HE /NI B XU 5 15 m,

BTN O B ST 3 4T 5 F1 3k 15 ANk
SATIE 5 m, BEAT AR RE AR BT T 1) BRIEEL m,
(B 20, B A A R R %5 0 W 4R & 3k T LA
@11 mm, 1 0. 19 m AR 2 HAE CHRYINAR IE R 98 i
ARAF L HED (K 3 R OKRE HEETEHE
BB R 3 A B R OK AR R b DU S TR
FEVURRM 200 A m A E 5 AR, R A R
5125 ) SR FH 11 2 S 0 A R 0 3 % BT T DL £
F R R FE R AR TN AL T YRR AR R S
Fr—E IR Bl e nT RS v R 0 B0 IRCRE A BURE S5
KRN B EF RO E, FEfh 8 5 ARG
JI AL AT BRA W), v D W58 % =, A v [ ARl R
2255 it 2 R B 5T T 0 1 AR AL (BIO—
RAD, 3 ED H#E47 40 Hr #1425 A5 B 5 0 A
AT 5 mL Z88K. % VE 10 min, HE
IR L 00 2 T R T RO A Ae s I AR A T 1] 3 565
S04 R 2 0 0 Y 1140 W DY A 2 A Sk B MR E Qe
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A B A AL T B 55 T O R 5 Qe SRy Uk T VR 14 I
R SV O IR BB IR AR S Ol 55T AR R
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Table 1 Experimental treatments in this study
K75 Jith 24 25 B M5 3k 25 7Y Wi &/ (L/hm*)
Experimental number Applying equipment Nozzle type Spraying volume
) GRS S P 4t 55 w5 Sk (HLEL A ) 450
Knapsack sprayer Hollow cone nozzle (with the machine)

2 DJI—MGI1P LU120—01 30

3 DJI—MGI1P IDK120—01 30
Flight route PEFE 4 BREFR 9 80 m X 30 m A M B, 2y A)
W9, 055 55 2805 55 i DOARREME U 2 80— 30, 40 il
fill st TS ML SR S R T 8 Sk 7 6k R

nd 7 OB 5 R B WK
Im 5m Buffer zone 1.6 7;;1 '%:_L)a E Ik

¥ ¥o¥ ¥ ¥ Sm 1) 5 b 7 7k A 24 R iR 2 2 R
B9 A 25 H.10 JJ 16 HO#& A& 1 k. HIRTEA
KA EE 1000 m* AE 2 1 A4k BRI A CF [
" AL FEXT 2k 5 SUHURE , B T A AR 10 AL 3t 50
15m un‘n‘]\\ DAL T ST R AR BN L TSR 1 4 BORN B
Wind direction W SPOERUED (AR B L0 k. TR 1 4L,

2 EREARFEENKTEER

Fig. 2 Schematic diagram of fog drop

deposition characteristics test

B3 EHERTENZHKSES

Fig. 3 Droplet collectors at sample points

T 1 AR e G ARERL ;2 G, B 2 A ity R el
AR AL 3 P, F Al 3~5 Sk gy R R 54 9, B
T 6~9 A EREL YL ARG AT 5 e, R 10 4>l Bk LA
2) SR s R A 7 ¥ < TR i 2 5 SOk 9 0 1 R 2
(9 H 25 H.10 A 16 HO WA 1 k., AL’
PFLALFEIX A 1 000 m” fEH 1 ANAb 38 £, 45 4b 34
XTFAER 5 RUHURE RS AE AR E 5 DAL 3k 25 M, DIRK
SR AL, 0 SR AR B R BRI OB, T AR 1 48
BOMBERL . 5 BARUE CLARR R B0 -0 S, 4R T
W51 G50 4 A DU & i ek R 2 (LG
MREE 1 ) 53 9058 3 R S DU & R L e
FORI 5 9.5 5 i B L LUE 4% i R R R
79 Bt R DA A& R R R 9 . A
MR, B R AR BT
TSR = D) A g B0 < AR R BED /
G B 5 < 9) X 100%
B v 2R = (25 O B X 1% 5 40 —
AR D PR 0 / 25 % B IO 1 48 £k < 100 %6
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2 HRE5SMH

2.1 MBELPEFEMLER

MG ASAE S572. 1 bR Al £5, IDK120—
01 WETRMFIREZEY N Coarse(FE 2),LU120—01
Z AR SEYN Fine,
2.2 ERRIXMABEERRENZ I

%3N 3N IRATEKFEHEE E o N A
LB RO A 18 B . AT AT SR A B 5K 25 4% i
25 ARGTEKAE R b0 245 W DD AR B A R TS A

KM ZY . fH IR T T S A Y it 24 R R AT
PRIEN MLt 25 = 1Y 15 %, 25 R 2R M B
PR TC N Rt 25 25 Wk FE 1Y) 1/15.,

Xif HA AR TE N TRAIL R AN 7] 55 4k 45 2 g 3k i
AR 2AE 5 2 R TURR 43 A 1 0 o 7 5 )2 O (R A B
WAL B TR G R AE ST WA W 2
L AH B b g, ] IDK W3k 55 3 A8 H 2
5 T H DL S B AR AR B L B LU sk i 55
VTR, L AR5/ 2 T, IDK i Sk /) U0 FL 2
LU WL UTAR W 1. 45 f%.

R2 2HEINERNESHTEREZSH

Table 2 Droplet size distribution and variance analysis of two nozzles

M Sk 28 LONIRFER/pm 500 EBMER/pm 90 %R EZE/ pm 55 1 5 3k 43 2

Nozzle type DV, DV50 DV9oo Span Nozzle classification
IDK120—01 165.68+8.26 ¢ 291.91+3.10d 555.92+38.55 ¢ 1.33+0.26 a Coarse
LU120—01 77.93+1.01 b 145.43+2.13 ¢ 263.84+24.24 d 1.27£0.14 a Fine

TR B N T bR 2 . WIS 8RR 2 Duncan BB & W 22 567 P<<0. 05 KPR ¥, TR,

Note: Data are mean= SD. Different letters in the same column indicate significant difference at P<C0. 05 level by Duncan’s new multiple

range test. The same below.

®3 EREAXHMEAFEBLRRSFHIBER

Table 3 Distribution of different nozzle deposition for

plant protection UAV application pg/cm®
5 Sk A Al R AR T &R 31
Nozzle type Upper Middle lower Average
LU120—01 1.87+0.44 a 1.11£0.18 a 0.57£0.09 a 1.1840.24 a
IDK120—01 2.09£0.23 a 1.13£0.09 a 0.8340.11 a 1.35+0.03 a

W BRI AT 0 — Ak Ak B LK T OO E L E R
1,8 e 55 2% 55 7 76 9 )2 0 R 9 4 A L ol
2.60:1.71:1.00,LU120—01 F T M43 45 F 1)
J3.67 2,17 ¢+ 1.00,IDK120—01 F 1 F 84> 4
el 2,53+ 1.36 : 1,00, W2 FEZRMITHAE
H5TI2Z IR E N I E A LR EFHEE)Z DR
ZEEME L ANE 4 FTR AR AR TC N LT 245 55 ik AE 2
S RNINEZ 78 R T =T Rl i e I € [ R TN VA
FH IDK FH 550 1Y 28 % 32 K T LU 4 25 7 1Y 28
B, TR SRR 2 5 1 1 g i
B WA W,

3SR HR UL S PG S WL R 5. &
oA 45 R R L 3 A Ak B b 5 AR K R R )2 L
b U AN RS B URR A B A M R T 22

St BIAE AR TE N TRAIL AN 3 R 4N 25 T Sk i
Z5 T e Sk, L 25 W U AR A A B 5 A AU mEgE g
B 25 W DCAR 43 A1 I 0 A Y L FE B AR R 90 0 1Y AR A
T VTR 5T CV E R B 5 X EE 37, 06 %6 ~
44,06 %,
2.3 AEAWLKBHBFEHELROZNE
XFREHEIEA T 25)5 17 d MZyE 38 d BIR
ol 517 255 A 95 17 i BB A 3 Ao A A R (R ) MR
JE N RIS Tl 245 W8 I 0 A B 280R 48 B 5 5 1
25 55 A LB G BOR Y00 795 7 Ui 25 4, 52 %
750 mL/hm* + Ff 2K #> ¥t 600 mL/hm® + T &
300 g/hm®—+ =¥ 1k 450 g/hm® & J5 Bt & ffi I 1E 25
J&i 17 d,LU120-—01 M 3k i1 By &5 8 3% & F IDK120—
01, " H M2 34% .24 )5 38 d B &k 22 1H 45 /)N T W
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Z5 L, LU120—01 Mgk W% 25 955 B Bl 238 85 %6 e 45
Bii%iik 93. 3% , IDK120—01 15§ 3k W55 55 5 B By % 3k
87.5% A PRIk 92.5%

50

40

b

B Y
Penetration

LUI20-01 RSk
155352508 Nozzle Type

IDK120-01

TEL P B8 S ST B b 22 . AN [R) S B 3RO 28 SR A W 7 A 46
1E P<<0.05 KF 2503,
Data are mean + SD. Different letters indicate significant
differences at P<<0. 05 level by the two-tail detection.
4 TEBELETHEERTFES

Fig. 4 Penetration of droplets in canopy with different nozzle

60 a

50
2 40
30

= 20

25 Z K%
Coefficient of variation

i th T
FERRTFRA Plant position

ELU EIDK O &7k es

Pl o o S S B £ AR 25 . W) BIOR [A) 5 B 3R 78 4 Duncan [
BB E P<T0. 05 K2 53
Data are mean = SD. Different letters in the same column
indicate significant difference at P<C0. 05 level by Duncan’s new
multiple range test.
5 AEBERFERESERE BRI MNE
Fig. 5 Uniformity of droplet deposition in

canopy with different spray factors
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Table 4 Control effects of different spray factors on Ustilaginoidea virens (Cke,) Tak.

25 17 d
Seventeen days after

spraying pesticide

M5 Sk 2 70

25 38 d
Thirty-eight days after

spraying pesticide

T BB 2K %

Effectiveness of

Nozzle type

wheat ears

S T8 B 5K %6
Effectiveness of

disease index

975 L BT AR 6
Effectiveness of

wheat ears

18 B Ak %6
Effectiveness of

disease index

control control control control
6250 3 5 2
- - 62.05+6.53 a 67.361.5 b 64.80+46.41a  84.7141.26 a
Hollow cone nozzle (Knapsack sprayer)
LU120—01 93.68+1.39 ¢ 92.57+3.07 ¢ 85.00+4.24 b 93.37+0.38 b
IDK120—01 74.004+5.65 b 74.72£5.99 b 87.47+2.64 b 92.54+3.25 b
[FAEXS TR A SO I A 1 25 )5 17 d FI2h s 3 W
3 e

38 d MR I B AL, 45 R Bon (£ 5) L EMiZ 5 17 d Al
i Ja 38 d. ¥ f W5 55 245 1Y SOk B A0 A T A
PRIENCHLIY . AR T CHIL A 1R 40 25 3 AL
EE S LR R 2 )5 17 d RSO B T A b 5 R
SR, W IDK W8Sk A LU Bk 9 B 0% A % v
25BN AR E R 50% . fEZ)E 38 d
Ji » IDK W53k i B 2% 2500 F LU WSk, #2300 75 75X
W% 55 2% 1) B %5 BB 1 80 %%

F) P PR T CHILIHEAT 7K i s 55 17 36 ARl
Ao i 08 25 3 SRR [ AR S B A 7 A Al R AR A
KAy 9 T2 DR A U0 S8 A P A AR TE TR
BUAE Ml i e v 4 SRS T 3L, A B VA B DR JC N RAL
PR R A8 e (AR f T N RAL G 24 £ B R e . SC I
LR M Sk th T O S A B SRR BE DL & 5 R Sk
ARG A PRl %R L 7 b THT AT 55 25 AL Bl B S8 [ K
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Table 5 Control effects of different spray factors on Thanatephorus cucumeris (Frank) Donk

I 8 B %k %

Effectiveness of disease index control

3k X

Nozzle type

M2 )5 17 d
Seventeen days after

spraying pesticide

25 38 d
Thirty-eight days after

spraying pesticide

U 503 68 )
Hollow cone nozzle (Knapsack sprayer)
LU120—01

IDK120—01

87.14+2.2 b

42.5642.83 a

56.8945.18 a

88.43+1.13d

50.90+2.16 a

80.0440.41 ¢

RECRA . A ICA CHL FH SC P LB S0 Sk 1 5
RE f% W 25 /D AR 24 R L2 AR b 28R e 38 R
LRGN SY . A 9T FBEWF I AR AR TC N CAHLIRE F SC
Fr B Sk X6 7K e 9 35 1) B A0 )

A5 B0 B R S e Sk L T b
Ao ol 5Ok Y 41 %5 Fine 45 2% ok 7% S ML % %
Coarse %59 . T 5510 R A2 36 K, IR b 24 3090 ik
D AEXE T 25 T 55 A T 2 2 DT AR AE R AR X
rh, pl ISR FH R 25 9 1 55 24 A S )2 TP i B R
TFANE T . BAR A A e SEU 5 T A 45 0 R TR
W5k J2 v /NS A 2 3 PR TR 55T L AR FE AR T
FEMMR BT AR 4518 5 2 M R . & B0RL 55 1% 10 28 3 1
Tz, s RN EZERH TRBEW A BT,
5 Je ol 1372247 it R 2R Tk B B K BT
FHL 253 5 o TR R L kAR R A L R S Y 55 T
L1 N T Pl S VTS ) T 9 = s X O R T
HiE

AHIE R X LR A 1 W 55 4 R O T 6L
LA RS TEKFE e 2 B DR &, & BAE PR TG
N RAILTE 24 1) AR 24548 B0 o3 AE K R 1 B DU AR K T
i e, BDAE AR N R ML AR 25 R R i T
T S5 2%, P2 R 5 ok il = S I O 45 R —
B, MR TC N TRAIL I i 24 H 0k A6 it s A0 SO e A
TR B RIS TR S A 2 R 25 30 J2 200 5 T i A 24
JO7 FAR R TGN L L 35 0T LUA R 36 A il 9 ELB:
WL T AL Ge iy s 1 xUmE 55 & . 98 FnT A2 [H it
o5 AN 5 35 R AR RS , FE K R 101 3142 B B AR Fn4h 2%
I8 T A2 AN RIS S FE 5050 DT B 22 B, DT 36 i i
R 5 o DAL A O 32 8 B 3R X . BT

it ) 245 0 B9 36 A i S5 SOR 9 Y T R K A
W L5 = e G e £ T R A A A AT A A BT K A
W R 20 06 1 TR B R 12,5 06 A Tk FEY B W T TG T AL 1
B SRR FE T I R L R R AT DL R
JHR o Bt 2 7K o3 i b A% S DT 3 3 By 36 AR B P L
AR o KRR SO o 5 TR 2 4R T B R L R
2 R ) T A R B G TAR A Rz ],
BPHARZRBHRE Y . BRTNABIERRAH
RO sy DO BN TAEOR TE N I (H 2 iy T e
W AR R T N RALAY 15 £, N 55 T 7 KA B
AR T RO TAE AR TGN QAL Tk P PR e i o
PEGF AT LRI E] B 3 7 i PR R T 3 e
5 i IS A 245 R A 2 T PR A e B T BROR THAELIR B
RHLIEZE L X AT e T O X 55 A K R SR i B AL
PETHE AR TE A RHLEY LA

DR IC N KL 2 R TR 25 7 ol 200 557 i s 55
BisktEzhje 17 d ARA B EE2Z R HEES G
38 d, KIS T Y 75 2 W A 08 T 40 25 B A, 25 i AL
ARS8 Sk g T 917 250 R 435 17 800 2 b s i RS A 9 1Y
e B AT I A 22 S, R T T e A R T SO
A TR R 55 30 114 B 8% FL AT I 3 22 5 (P<C0. 05) , Af]
28 3000 A3 M IR A AT RE I R Sl SR HTRL 55 i i 24
R L T AR B A 255 B R T 4055 T
Mt 55 . o3 Hh— A JEL A Al BE S iy A TDK M 55 1 it
25 WA JZ PR R AR A DLAR 20 A 2 A M B
ERET A LU 0t 25 . i T e e A =R
A 3% 2 3o 3k AR R AR L R 2 ROy S TE VLR
HB A1 PN T TDK i 24 5 J2 4R 25 TURL 3 Al
WAV T LU 4555625 . [] ik 1 ] 3 46 45
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RFEW 2 FhZE R AR Bk LULI20—01 (Fine) Al
IDK120—01(Coarse) 25 ¥ 7£ /K F M |- b 19 ~F- 3 01
R I TC 1 3% 2 S5 (HL 3 K 550 AT LA ek 35 25 T A ek
2y g A M L R Z5 T R IR S RN 0 A Y 34 A R
JEZAR T /NG .

4 4 &

AT X KRR AR O T CHLIR F B iR o R rh
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