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Tab.1 Orthogonal test factor design ( 180 cm in the upper layer /
80 cm in the lower layer )

WITEE RS

ha=s AT EE/m /(m-s™) / (ml'min™")
Number Flight height /m Flight speed Spraying dose
/m-s™! / ml-min”"'

A 2 1 160
A, 2 1.5 180
A 2 2 200
Ay 2.5 1 180
As 2.5 1.5 200
Ag 2.5 2 160
A, 3 1 200
Ag 3 1.5 180
Ay 3 2 160
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Fig.1 Schematic diagram of sample plots
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*2 BOMBE
Tab.2 Table of random numbers
el 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 03 47 43 73 86 36 96 47 36 61 46 99 69 81 62
4 12 56 85 99 26 96 96 68 27 31 05 03 72 93 15
5 55 59 56 35 64 38 54 82 46 22 31 62 43 09 90
6 16 22 77 94 39 49 54 43 54 82 17 37 93 23 78
7 84 42 17 53 31 57 24 55 06 88 77 04 74 47 67

15 37 85 94 35 12 83 39
16 70 29 17 12 13 40 33
17 56 62 18 37 35 96 83

50 08 30 42 34 07 96 88
20 38 26 13 89 51 03 74
50 87 75 97 12 25 93 47

3 BOHLX AP DX PRERLHES IS v
Tab.3 Randomly arranged table in randomized block design

/NXBlock 1 2 4 5 6 7 8 9

X4H 1 Block I A3 Treatment A, Ag Ay Ag Ay As Ay A,

X 2l 1 Block 11 Qb ¥R Treatment A, Ag A, A, Ag A Ay Ay
X2 M Block 1T Qb3 Treatment Ay A, As Ag A, A, A, Ag

e XABENIECT:: 261389574; 385426197; 943582176
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LMK, &8 “n” FIBATHKE ®AT—4 2k 5 Kl
GIX, WWEPXARR CEIXE T X S/MX
X5 6 /NX A28 X E K, P85 “n” F
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S A Excel 2003 F1 SPSS 22.0 #4750 40 11
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SRR (R 4R 5), HAR—A B b2 5T
RS TRFMIHERE, TR, LRFEH
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W, SR bR )R 55 OB B 9 R R /AT
HEE, HEUNUHE: AT S > AT R
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22 SRS SRS

e . T2 9 kK (WK 2), aTLUE
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K Shapiro-Wilk # 385 IEASME, 45 UL 6.
A UL, Shapiro-Wilk #5549 )2 180 cm 57 )2 80 cm
b PR TF 0.05, BdERMIES 75 .

23 “HFEZ AR B

23.1 AR
K 3, 4N, ERATHE N 1 ms' o
1.5m's', WiZhE%4% 4 160 mL-min'. 180 mL-min'.

200 mL-min~" B}, S UTER A EERE AT BE R AR Ak
LAY, W me 24 i 5 AT m A AR AT
TE; fERITEEN Ilms' '8 1.5ms!', “ITEERN
2m, 2.5m, 3mif, ST R R 2 5251k
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Tab.4 Testing results and range analysis table of the upper layer ( 80cm )

ATHEE BRI

I KEHUURERE [ XEFHITREE TXFZHIVREE FRyiRsE R rE

75 TEEmMm /(ms?)  / (mlmin) D/ (/I\.CHFZ.). / (/'\.Cmiz.). / (/I\.Cmiz.). / (Fem?)
Number Flight height /m Flight speed  Spraying dose rop.let fieposmon Droplet .deposmon Droplet. deposition Aver.a.ge droplc::t
Jmes J ml-min”! density in B}ock I  densityin B}ock II  density in Blf)ck I  deposition ({ensﬁy
A~-em™ A>-em™ /A~-em™ A~-em™

A 2 1 160 97.4 94.5 96.1 96
A, 2 1.5 180 79.1 81.3 82.6 81
A 2 2 200 78.7 79.2 79.1 79
Ay 2.5 1 180 108.6 114.4 110 111
As 2.5 1.5 200 107.3 108.8 107.9 108
Ag 2.5 2 160 74.9 87.6 71.5 80
Ay 3 1 200 113.3 104.7 112 110
Ag 3 1.5 180 71.4 75.2 75.4 74
Ay 3 2 160 479 50.1 52 50
K, 256 317 226

K, 299 263 266

K3 234 209 297

R 65 108 71
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5 TIAMREEIR BB
Tab.5 Testing results and range analysis table of the lower layer ( 180cm )
P e Ay IX { EOIX DU X EETORUE S DU S
W W %//\F%i Jﬁz U L %/(r%i fﬁz FRE %/{\f%i Jﬁz W 5% miﬁ )xf S[IEN
o P o g / (4~em™?) / (A~em™?) / (A~em™?) / (A~em™?)
F5 “ITEEm  /(ms')  / (ml'min™) - - -
Number Flight height /m  Flicht q S ino d Droplet deposition  Droplet deposition  Droplet deposition Average droplet
umber Fhght height /m 1/g .sl?lee ;;ra}il.ng. f)lse density in Block I density in Block II  density in Block Il deposition density /
mrs mi-min /~em /~-em? /~-em A~-em™
A, 2 1 160 84 81.8 83.2 83
A, 2 1.5 180 66.3 63.8 55.9 62
As 2 2 200 64.7 62.1 472 58
Ay 2.5 1 180 112 106.7 105.3 108
As 2.5 1.5 200 109.8 105 76.2 97
Ag 2.5 2 160 84 80.3 69.7 78
A, 3 1 200 100.6 98.8 82.6 94
Ag 3 1.5 180 51.8 55.3 57.9 55
Ay 3 2 160 424 36 38.6 39
K, 203 285 200
K, 283 214 225
K; 188 175 249
R 95 110 49
TKATEIEE: 2.00, WATHE: 1.00, fEE: 2.00, RATEREE: 1.00,
I 24252 160.00 I 24 AE 2 160.00

97.50 - 84.00 —r—

97.00 83.50 -

96.50

83.00
96.00
82.50

95.50

95.00 4 82.00

94.50 — 81.50

FIHUURE
TE: b2 A AR (FEo 18, B

L, WARKD), T2 A B (359 K, wlt

ST
1, WA

Note: the data box diagram of A1 treatment in the upper layer (9 figures in total. Choose one as the example. See the left figure ) and the data box diagram of

Al treatment in the lower layer (9 figures in total. Choose one as the example. See the right figure ) .

P2 A sty
Fig.2 Data box diagram of Al treeatment

e iE WITEE N 1 ms ' B 1.5 ms™, K47
RSB RS R VIT R 2.5 m, BAE
200 mL-min',

mEEFR, ITHEER 2 ms™, BiZGRE
2% 160 mL-min', 180 mL-min"', 200 mL-min!

B, SR HE B AT S B A f AT,
i RS L L A
i, TR AR R E,

SRTIT, WP 3. P4 R, AT RN I

2m-s’
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#e6 L2/ FEEIMESES ( 2180 cm/ FJZ 80 cm 4b)
Tab. 6 Normality test of the upper/lower data ( 180 cm or 80 cm )

“AT R AT WiZhRag Shapiro-Wilk ( 180 cm ) Shapiro-Wilk ( 80 cm )
(m) (ms™) (mLmin™")
Flight height Flight speed Spraying dose guite AdmE guite AMmE
(m) (ms™) (mL'min™") Statistics Freedom Statistics Freedom
1.00 160.00 ZE iU ) Droplet deposition density — 0.996 3 0.886 0.976 3 0.702
2.00 1.50 180.00 TR FE Droplet deposition density — 0.978 3 0.719 0.918 3 0.444
2.00 200.00 WL B Droplet deposition density  0.893 3 0.363 0.859 3 0.264
1.00 180.00 25 MU E Droplet deposition density  0.918 3 0.446 0.899 3 0.381
2.50 1.50 200.00 ZE U2 B Droplet deposition density — 0.987 3 0.780 0.855 3 0.253
2.00 160.00 25 UTF B Droplet deposition density  0.896 3 0.372 0.928 3 0.481
1.00 200.00 ZE U2 B Droplet deposition density — 0.860 3 0.269 0.824 3 0.174
3.00 1.50 180.00 25 MU £ Droplet deposition density — 0.787 3 0.085 0.993 3 0.838
2.00 160.00 25 MU FE Droplet deposition density — 0.998 3 0.919 0.988 3 0.794
E6271655 M TR E6271655 M IR % 1 E6271655 TR %
TRATHUE: 1.00 RATHUE: 1.50 TRATERESE: 2.00
120.00 1 24 e 110.00 "ﬁéﬁi 100.00 1 e
— 160.00 180 00 — 160.00
4 —— 180.00 - 4 —— 180.00
115.00 18000 100.00 ,. 20 90.00 h 15000
% 110.00 ® 90.00 % 80.00 1
o~ o~ N
ol ol o
2 105.00 2 80.00 5 70.00 1
100.00 A 70.00 60.00 1
95.00 1 60.00 50.00 1
200 250  3.00 200 250  3.00 200 250  3.00
AR AT AT
B3 AT R 2 AR RAT U R R (KR AT E=T msT, 1.5ms, 2msT)
Fig.3 Two-dimension line drawing of Flight height xSpraying dose x Flight speed (speed=1m's™', 1.5m's™", 2m-s™)
E6271655 M TR % E6271655 i TRV JE E6271655 i TR
RATHEFE: 1.00 TRATHRE: 1.50 RATHERE: 2.00
120.00 { ¥frm & 110.00 { 100.00 { &7
—2.00 . 2.00
115.00 {—2.50 100.00 1 90.00 1 2-20
3.00 3.00
% 110.00 % 90.00 2 © 80.00
o~ y o~ o~
2 105.00 2 80.00 / 2 7000
m 001 m -U0H 3| .
100.00 /\ o 70.00 S 60.00
. 1 . 1 —=2.00 . 1
/ 250
95.00 - ¢ 60.00 3.00 50.00
160.00 180.00 200.00 160.00 180.00 200.00 160.00 180.00 200.00
I 24y e 20 524 AR W5 24 A
Bl 4 WE2hE S KT RATHUE “igkimE (KR RT3 E=1 ms™, 1.5m's™, 2ms™")
Fig. 4 Two-dimension line graph of Spraying dose x Flight height x Flight speed (speed=1 m's™”, 1.5m's™", 2m-s™")
PIRATR B NNE, M iTmE RN 2.5mif, & HE Sy RN A ITHEE 1 ms™, B2y
A7 55 M5 2 X S i LR B R sE ] DLIEL 55 DU % 200 mL-min'; Eﬂﬁ“é’jﬁ%é&ﬁ 200 mL-min"' A7},
WE2G R E RO R, MmN 200 mL-min”! KATHE S T R AR WITHEE 1 ms,
B, TRATHEEEE S AT R B 55 T DT RN B A 5 e mf KATEE 2.5 m,
WHE 6, 232 SR
HE S, K 6nlH, 75 ITHER 2.5 mAf, & XPRATHEE . RATRE . WIS 3 R
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E62716%5 i IR % &
E62717 ¥A1 8 E=2.50

120.00 W 24 S )
—— 160.00
—— 180.00
200.00
110.00
[ele}
=
o
Ne
B 100.00 -
90.00
80.00 -
T T L]
1.00 1.50 2.00
TWATERE

Pl 5 WA T2 e A5 < AT B M kimi ]

(TefTRE=2.5m)
Fig.5 Two-dimension line graph of Flight speedxSpraying dose x
Flight height (high=2.5m)

Toitks (W 7). hE 7H, £ speed x
high xdose 17 ( B} "6 AT 3 B < R AT & B =i 24 £ &%
90, HTREEAKFE/NT 005, FFU=HENA
HAEHBEAS 2 Y, F (8,27) =3.259, P=0.010,
233 fMEmEELZAEA S

T =HELEERAREXL, WA A4
I 138 HAE AR S — AN PR 8 (9 A [R] 2K 7% PR AR a5
HIFER AR o LA AT — A7 T B R R A AR

E6271655 M TR
E62717M5 2145 2¢=200.00

120.00 - Y

|

110.00 T

WMDY
sisr
e

100.00

E62718

90.00

80.00 -

70.00

60.00

1.00 1.50 2.00
RATHE
el 6 RATHUEE X RAT g B2 it S5 4 — Ak 2 i 4]
(M5525 =200 ml-min" )
Fig. 6 Two-dimension line graph of Flight speedxFlight heightx

Spraying dose ( dose=200 ml-min”" )

O30T AL RAT BB AN [RIKE, 4 e B S 2l
R X S DU BT R . 8L SPSS 4r#T, 45
R 8,

mk S N, T YITHEN Ims”' 5 1.5ms™
if, 0.01<<P<0.05 ( &} Bonferroni 4% 1F ), M
ERATHUE N 1 mes™ B, ©AT S S 2y i fi
WHNZEAZHNEM, F (4,27) =3.260, P=0.026; KfT
BB 1.5 mes™ B, TRAT i S 2 A R B

*17 ZHENGHER
Tab. 7 Statistical test among three factors
P 5 11 285 Al 1 B ST Fiii P
Source Type III sum of squares Freedom Square of the mean value
TRATHRE < RAT g B xIE 2 5 A5
Flight speed xFlight height x Spraying dose 107.683 8 13460 3.259 0.010
%2 Error 111.531 27 4.131
e AR UL
* 8 WCABIHFEA A
Tab. 8 Test table of two-factor interaction
PRtk S5 DTR R
CATEEE (ms™) Rkl H i E SERE Pl P
Flight speed (m's™) Sum of squares Freedom Square of the mean value
X Lt Contrast 53.862 4 13.466 3.260 0.026
1.00 .
%7 Error 111.531° 27 4.131
Xt LGB Contrast 68.052 4 17.013 4.119 0.010
1.50
15#2% Error 111.531° 27° 4.131
200 XF LG EE Contrast 14.204 4 3.551 0.860 0.501
' %2 Error 111.531° 27 4.131

a AR IR E
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Aol 7=

HZAHAEH, F (4,27) =4.119, P=0.010; T7E#
BER 2 mesT BE, P>0.05, R TG R A R R
ZHAEM, F (4,27) =0.860, P=0.501, #F—I3iF
B TEE T B AT S

3 45

(1) FIFHTCANLBTZGE, FEkk b2 R0 5]
AP ZRVE R o sE A AR L )2 55 e OB R Y
BINZF R AT, BRI PHE: AT E>mZY
> AT SEMAEAR T 25 OB B A 2 A
R VATHE, HERNUTHE: “ATHES ITH
FESEZA HE IR T R R 5 i i 24 S8R i) 32 2 A
R, UUTEEXNTIZBARCRE i EEE R,
M2t b2 ROR T R

(2) A EHFIR, A 2 Ay 9 DMLY TE
BHHEAAE, WEdEh TR E . 4 Shapiro-Wilk
W, 9 MR FRAY P KT 0.05, BEIRMIE
BorAi e G EMARIHT, 15 ATHEN 1 ms™ 5(
1.5m-s™ B, Wiz 5 ATE s BAEHIfAAE, AR
17 B S s 2 i A G AT R 2.5 m, WiZhht

%25 3k

200 mL-min', 7E RATHEN 2 ms™, WiZhh 5 AT
EETLG I o BUITE RATH A H] 2 ms™
B, RITHEARFLEHNE., £ ITHEN25m
B, RATHE Sy A AR ITHE I ms™,
mi2hHE 200 mL-min'; FEWIZH5EZE9% A 200 mL-min™!
B, AT S RAT R A R AT
Ims™, KI7TEE2.5m,

(3) =HRZHEMEMNIT, CITHE, 7
R WRZY A 3 R X A T DR B G )
FAE=NZRAEHAE, F (8,27) =3.259, P=0.010.
RIS R 2 HAE AT, 78 “ITHE N 1ms™ 5
L5 mes B, WAT B I R Y R L DN R AE B AR
FAFAE . MAESHE R 2 m-s™ B, P>0.05, & 57
TG N RS HAER .

AL LY, . RANLRATHE . AT
R W2y A 3 R RN 2RO AAE = R
HAEA, [, ZESCE T AN 2RO A, ek
HEN: “ATHEE25m, KITEE 1ms', WiZiE
%M 200 mL-min ™',

(1] MR, XBRER. I TC ANLAELL B 255Uk A 10 (0] Al & 24, 2018(9): 56+59.
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Analysis on the Spraying Effect of UAV Flight Height, Flight
Speed and Spraying Dose on Trellis-type Vineyard

CHEN Haiyou

People’s Government of Wuxian Town, Tong'an District, Xiamen 361100, China

Abstract In this paper, the unmanned aerial vehicle ( UAV ) was used to spray pesticide on trellis-type vineyard.
Taking the droplet deposition density as an index, the effects of UAV{flight height, flight speed and spraying dose on the
spraying effect were studied by orthogonal test design. Through the analysis of three interactive factors, it was
concluded that flight speed, flight height and spraying amount had interactive effects on the spraying effect. At the same
time, when the flying height was 2.5m, the flying speed was 1m/s, the spraying dose was 200ml/min, the spraying effect
was better.

Key words Unmanned aerial vehicle (UAV ) ; Spraying effect; Flight height; Flight speed; Spraying dose
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