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Abstract In order to explore the optimal operation parameters of unmanned aerial vehicle (UAV) spraying in
walnut orchards, the deposition distribution of droplets on the walnut trees after UAV spraying was studied using
three factors and three levels orthogonal tests. The results showed that the main factor affecting the droplet densi-
ty and deposition was flight speed, followed by flight height and spray volume. In walnut orchards, where the tree
height was 6—7 m, the operation parameters with better spray effect of UAV were flying speed of 2.2—3.0 m/s,
flying height of 2.0—2.5 m and spray volume of 22.5—30.0 L/hm’, and the average droplet density and deposi-
tion were 26.36—37. 94 deposits/cm? and 0.24—0. 29 pg/cm’, respectively. The droplet density and deposition on
different canopies were distributed from high to low in the upper canopy, middle canopy, lower canopy and outer
canopy and inner canopy. The type of nozzle had a significant influence on the droplet density and diameter. Me-
dium nozzle (Teejet110015) had the largest deposition, but there was no significant difference between the three
nozzles (Teejet11001, Teejet110015 and Teejet11002). The ground loss rates of pesticides sprayed with UAV and
spray boom were 3.61% and 23.69% , respectively, and there was significant difference between the two treat-
ments. In this study, the spraying operation parameters of UAV were optimized in walnut orchards, which could
provide a reference and guidance for the rational spraying of UAV on high-crowned fruit trees and the improve-

ment of spraying effect.
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Table 1 Treatment setting

ARP fEZR /L (hm?) T RATRE/m KATHE /mes!

Treatment Spray volume Flight height  Flight speed
1 22.5 1.5 1.2 18§
2 30. 0 2.0 1.1 1%
3 37.5 2,5 1.1 &
4 37.5 2.0 1.4
® 22 B 2o 2.1
6 30.0 1.5 1.6
7 30.0 785 2.2 R
8 3. B 1.5 1.8 1k
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Table 2 Test of intersubjective effect of the three factors

P1{H P value #1751/ Mean square
PR 7% St it = o = S o —
Dependent variable Position Jith 24 YR fﬁﬁﬁﬁ% fﬁﬁﬁﬁ% Jith 245 ViR St _%maﬁ fﬁﬁﬁ:fﬁ
Spray volume  Flight height  Flight speed Spray volume  Flight height  Flight speed

5 E 35 % Droplet density L2 0. 081 0. 043~ 0. 000 ** 302. 522 393. 446 3 574.152
Fi)2 0. 195 0. 256 0. 000 ** 100. 381 82. 437 1 447,971

TZ 0. 206 0. 443 0. 043~ 111. 136 54,976 242. 143

i 0. 149 0.571 0. 005 ** 135. 819 37. 210 467. 032

A 0.121 0. 080 0. 000 ** 118. 695 145. 112 1 536. 396

1y 0. 092 0.112 0. 000 ** 100. 191 91.192 1 053. 288

UiFE Deposition LZE 0. 128 0. 601 0. 846 0. 047 0.011 0. 004
H 2 0. 908 0. 058 0.198 0. 001 0. 048 0. 026

TZ 0. 958 0. 086 0. 047~ 0. 000 0. 008 0. 010

A JhE 0.193 0. 034~ 0. 592 0. 005 0.011 0. 002

bNE| 0. 622 0. 302 0. 150 0. 006 0.016 0.027

Sy 0.128 0. 601 0. 846 0. 005 0. 009 0. 010

D = AUFRA BT 5 o AAFA WL

* represents significant influence, and ** represents extremely significant influence.
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Table 5 Estimation of marginal mean values of the droplet density and deposition in different

positions of walnut leaves under different factors and levels

BN PR(EESD  Estimation of marginal mean valuedSD

kAT E Flight speed

kAT E Flight height

Jiti 25+ Spray volume

Piﬁm Voo BWEEEE R/ FWELERE/ VIR MR/ IR/
Ase(em?) ! pg+ (em?) ! Ase(em?) ! pg* (em?) ! Ao (em?) ! pg * (em?) !
Droplet density Deposition Droplet density Deposition Droplet density Deposition
R 1% (11. 2224-3.985)c  (0.2584-0.048)a  (25.5394:3.985)a (0. 22540.048)a  (33.673+3.985)a (0. 1984-0. 048)b
Upper canopy i (30.190-3.985)b (0. 24940, 048)a  (37.1823.985)a  (0.282+0.048)a  (23.46243.985)a (0. 34240, 048)a
=1 (50. 758--3.985)a (0. 28740, 048)a  (29.448-3.985)a  (0.288+0.048)a  (35.03643.985)a (0. 25540, 048)ab
2 1% (10.402-£2.565)b (0. 16940, 040)a (22 347-£2.565)a (0. 137+0.040)b  (24. 64142.565)a (0. 20840. 040)a
Middle canopy rh (17. 858=2.565)b (0. 219740, 040)a  (22.471=2.565)a (0. 259740, 040)a  (16. 70242, 565)b (0. 234=0. 040)a
=1 (34.85042.565)a  (0.2764-0.040)a  (18.2924-2.565)a (0. 2684-0.040)a  (21. 94742.565)ab (0. 22240 040)a
FE 1% (7.206--2. 645)b (0. 08740.018)b (10, 748=-2. 645)a (0. 1200, 018)ab (16. 46542, 645)a  (0.1214-0. 018)a
Lower canopy i (14.164=2. 645)ab (0. 12240, 018)ab (15. 676--2. 645)a (0. 152+0.018)a (10, 334742 645)a (0. 1254-0. 018)a
5 (17.107-2. 645)a  (0.15540.018)a  (12.053-£2. 645)a  (0.092+0.018)b  (11. 67842.645)a  (0.11840.018)a
P 1% (7.00972.693)b  (0.1034+0.018)a  (13.05342. 693)a (0. 0860, 018)ab (18, 1434-2.693)a (0. 086-0. 018)a
Inner canopy H (14. 0932, 693)ab (0. 07940, 018)a  (17.026--2. 693)a (0. 1320, 018)a (11 4564-2. 693)a (0. 1204-0. 018)a
5 (21.2592.693)a  (0.09940,018)a  (13.0902. 693)a  (0.063+0.018)b  (13.57142.693)a (0. 0754-0. 018)a
SN 1% (10. 244742, 636)c  (0.1847-0.038)a  (20. 344742.636)a  (0.190+0.038)a  (25.890+2. 636)a (0. 21140, 038)a
Outer canopy i (21.98742.636)b  (0.2404-0.038)a  (26.69942.636)a (0. 26240, 038)a  (17.848+2.636)b (0. 2634-0. 038)a
F= (36.103-2.636)a  (0.29340,038)a  (21.2912.636)a (0. 265+0.038)a  (24.5964-2. 636)ab (0. 2434-0. 038)a
44 1% (9.079£2.057)c  (0.1544+0.027)a  (17.64042.057)a  (0.152-£0.027)a  (23.03142.057)a (0. 1640, 027)a
Mean i (19. 217£2.057)b  (0.18140.027)a  (23.0352.057)a  (0.214+0.027a  (15.48342.05D)b (0. 21040. 027)a
=1 (30. 64052, 057)a  (0.22140,020a (18.26142.057)a (0. 1890, 027)a (20, 41742.057)ab (0. 1814-0. 027)a
BefkR L i i
Better level 2 = N 1%
T2 o = o
[ ]jic4 = H
SN = &
e 7 i

) BN FR %K 05530 7 2 58 8 OB A9 A B 10 B (L SB35 8 T b /K Y ) 53 7 S 38 T2 s O R A 5 11 B a2 L

The better level indicated that the estimation marginal mean value of droplet density or deposition at this level was significantly higher than

that at other levels.



e 30

5 4Ly

2020

2.3 EEBLIFE

X5 Ak B 55 0 B 5 A IR U B AR
(Dyo,5) FURREL Y )7 2253 BT 4 R W3 6,

H 3 6 AT LAE H - 4k (Teejet11001) FEAZ B
BEAN TR J5 o 55 17 8 i 2 3 e oK, o R R R ik
Y55 8 5 0 I R TR Sk (Teejet11002) [
55T B i B T s LS 55T 1) Dy, s TERZBR AN [R5

=6

BB R S TE FJZ S F R 1 2K T 40 sk
) Dyo. s 3 HEE M3k (Teejet110015) 7 BB A [6] J5
PEATTRR B K (H S A AR B R SR ) . Pk 22
AT T, R SISk (Teejet110015) Y 25 ik 2 15 2%
JE RS B T A AR DTR R R R IR A AR T AL
Rkl H A sl st £ e ) 3 4%

AEEBEBEINEBHBESZEE FRPEER (D ) ARER N

Table 6 Effects of different types of nozzles on droplet density, volume median diameter (Dyo s) and deposition

FME A E L/ A (em?) !

Dvo.5/pm PR/ pge (em?) !

Droplet density Volume median diameter Deposition

it L AR AR Y AR BRA

Fosition Ireatment $9ff+SE %;i;l\)le $9{H+SE ?/Z:i;l\)le HAESE éari;l\)le
Mean-+SE . Mean-+SE . Mean=+SE ..

coefficient coefficient coefficient
= 2 (30. 827+8.952)a 50.296  (232.933£17.934)b  13.335 (0. 13040. 064)a 84. 505
Upper canopy h (13.678=+3.616)a 45. 784 (292.300427. 711)ab  16. 421 (0. 16440.02D)a 22.176
HL (14. 780+7.163)a 83. 946 (504. 200+85. 981)a 29. 537 (0. 07240. 005)a 11. 867
Gl gl (14.9677.298)a  84.454  (252.800:22.382)a  15.335 (0. 184+0.092)a 86. 361
Middle canopy el (12.5324£5. 258)a 72.672 (251. 283420.561)a 14,172 (0. 22040. 106)a 83. 320
AL (12.507=+4.097)a 56. 744 (304. 733+36.080)a 20. 507 (0. 13940. 065)a 81. 263
T2 4 (25.022+2.928)a 20. 270 (234. 7784+5.061)a 3.733 (0. 05340. 029 a 93. 258
Lower canopy ol (20.437+7.683)ab ~ 65.115  (246. 70445. 924)a 4. 159 (0. 07840.018)a 39. 483
AL (4.43741. 232)b 48. 075 (313.4824+41. 298)a 22. 818 (0. 05340.011D)a 35. 942
A b 41 (28.438+3.168)a 19. 297 (233.710%5.57D)a 4,129 (0. 03740.014)a 65. 700
Inner canopy th (14.162+3.800)b 46.474  (248.476=E4. 14Da 2. 886 (0. 07840.019a 42.593
il (4.76241. 304)b 47.436  (325.381458.311)a  31.040 (0. 05140.027)a 90. 430
AN 2 (21.258=+1.439)a 11. 723 (242.139416. 744)b 11. 977 (0. 14940. 065)a 75.715
Outer canopy h (18.208+7.009)a 66. 678 (265.533+17.357)ab  11. 322 (0. 17440. 044)a 44. 369
il (11.9194+3.49Da 50. 727 (382.361435.956)a 16. 287 (0. 09840. 020)a 35. 057
Sy 2 (23.904=+1.98Da 14.357  (239.03548.778)b 6. 360 (0. 10840. 046)a 74. 450
Mean th (16.520=%5. 067)ab 53. 130 (258. 406=+8. 967)ab 6.010 (0. 13940. 035)a 43. 064
HL (9. 28242. 645)b 49. 363 (361.368+2.373)a 1. 137 (0. 08040. 022)a 47. 651

2.4 REHMERER THRZIBEA N % 5 (P<0. 01); o AL 5

Xof G AL 55 4 7 A T+ AL Sh IR % 55 A 3t
FEUURR L FNAR 247 1l T Y 2R R SR 3 A 25 SR L 7.
B2 7 W] LA To A HLIBE 25 i) b i O AR 5T 4
0.16 pg/cm’ , M AN LA 1. 07 pg/end’

FRIA 25 M T O R 38 Oy 3. 61 %6, T N T8 55 H
23.69% , —F Z AL HAG MW B E 257 (P<<0. 0D,
BERT AT A AR TE AL T N T8 554 Bb T I 5
TRCAR 245 1 i T 37 2K

x7 ZTANMBEATHHBETFBREN KGR MASMMERARE
Table 7 Ground deposition and loss rate of pesticide sprayed with UAV and artificial spray boom
Jb B TR/ pg + (em?) ! P{H AR 2 Hb T 2R %/ V4 P {H
Treatment Ground deposition P value Ground loss rate of pesticide P value
T AMLEEZE UAV spray 0.16=%0. 03 0. 000 3.61%0. 66 0. 000
H AN T A-HLEBAF 555 Artificial spray boom 1. 070. 04 23.690. 83

3 gipSitie

18 5 XoF 22 Tk B DR G A ATLAEAZ AR el A7 5 25 £
ARG 45 R A SEAR AR IR/ AZ G el (R

Fe 67 m) LN 55 T A R AR B R R
Je WATHE LR ®AT e i 24 9 s A ARG AL
R A S ROE 250 22. 5~30. 0 L/hm’® /AT
FIRE 2. 0~2.5 my AT 2. 2~3. 0 m/s; AN R A% Bk
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