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Abstract: In order to optimize the operating parameters of single-rotor plant protection UAV at differ-
ent growth stages of wheat for control of diseases and pests, CE20 electric single-rotor plant protection
UAV was used as the research object, the combinations of commonly used operating parameters (operat-
ing speed, operating altitude and spraying flow) were tested and optimized at the regreening stage, the
full heading stage and the flowering stage of winter wheat. Through comparing the spraying width, the

coefficient of variation of droplet coverage and the droplet penetration rate, B5 (operating speed 4 m/s,
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operating altitude 2 m, spraying flow 2 L/min) and B9 (operating speed 3 m/s, operating altitude 1.5 m,
spraying flow 2 L/min) were selected as the preferable combinations of operating parameters. At the re-
greening stage of winter wheat, the spraying width was 5.75 m, the coefficient of variation of droplet
coverage was 26.2%, and the daily comprehensive operating efficiency was the highest, up to 36.8 hm*/d
when the combination of operation parameter was B5. At the full heading stage, the droplet penetration
rates were 46.7% and 60.1%, the daily comprehensive operating efficiency were 36.8 hm’/d, 26.02 hm*/d
when the combinations of operation parameter were B5 and B9, respectively. At the full heading stage,
when the number of aphids before spraying pesticide was less than 800 per 100 plants, the control effi-
cacy evaluated after seven days were both higher than 92.37% using B5 and B9, when the number of
aphids was more than 800 per 100 plants, the average control efficacy after seven days was higher us-
ing B9 than that using B5. When the disease index of powdery mildew before spraying pesticide was
less than 5.00, the control effect of B5 and B9 after 14 d were both higher than 81.86%. When the dis-
ease index was higher than 5.00, the average control efficacy was higher using than that using B5. At
the flowering stage, the droplet penetration rates of B5 and B9 were 43.8% and 55.1%, respectively.
When the disease index of powdery mildew before spraying pesticide was less than 5.00, the control ef-
ficacy was higher than 86.65% using either BS or B9, and when the disease index was higher than 5.00,
the average control efficacy using B9 was higher than that using B5. The control efficacy for wheat scab
evaluated 20 d post-application showed little difference between using B5 and using B9. Therefore, the
selection of pesticide application parameters at full heading and flowering stage should take the level of
pests and diseases into consideration. When the occurrence level of pests and diseases was low, the B5
parameter combination with higher operation efficiency should be selected, and the B9 parameter com-
bination with higher droplet penetration should be selected when the occurrence level of pests and dis-
eases was high.
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Table 1 Operating parameters of plant protection UAV

Ab 3R i = U [ bl b 3R it = MU = bR S
Treatmentno.  Speed/(m/s)  Altitude/m  Flow/(L/min) | Treatmentno. Speed/(m/s)  Altitude/m Flow/(L/min)
Al 5 2.5 1.6 Bl 5 2.5 2
A2 5 2.0 1.6 B2 5 2.0 2
A3 5 1.5 1.6 B3 5 1.5 2
A4 4 2.5 1.6 B4 4 2.5 2
A5 4 2.0 1.6 B5 4 2.0 2
A6 4 1.5 1.6 B6 4 1.5 2
A7 3 2.5 1.6 B7 3 2.5 2
A8 3 2.0 1.6 B8 3 2.0 2
A9 3 1.5 1.6 B9 3 1.5 2

1.2.2 Edbvwibe A A AR R E T F AHONX
F/NERFY(H 11 H)BEAT1E L B 557
78 55 R N HAR S 28005 7E K NS AR TC AL

TR AL B9 BT ) A1 ERARA T, iR kLT
SRAE VR ARl o B2 D RSk AR E , 265
VAT RAE B B LR ©OZE 30 me BEATRY LR



504 iR/ B A= S 1 484

FE AL TR b, 22 A X BRI B 10 P RABE A
AL 210 AR, B9 7 m, KT CE20 Fi
PRI WA RS 7R 6 m, HoPA 140 5 317,
ATIRIFE A 10 mo BEARAE S LAH LA 1 m AR
FE AR AR R T 1) Je I RAEFT L, RS RAEFTJE
15RACR , PSR AL R 07 B A 5 /N2 0 | il )2
5 AR BT E S AR S AR S A
A ZHE SR, RN RAEG AR, X
A1~B9 i 18 AN S5 & (2 1) #EA T, X
W AR P AR-R HEA T4, 3948 )5 [€11%38 3 DropletScan
AT T 04T, AR B AR EAAASFENL S ECT R
T SRA: o1, 1) 5 7 7 i 28 B 5 7 T o IR TE A
HUT PN AR IE NY/T3212—2018 , R FE X
i 12 0 A5, TR o > B TR LSS T AR /N T
15/~ /em® B SR AE SR AR M 8 R 1 00 5, B 3 47K
FE A SRR S 0B E VR el . AR T
i PN R A R 55 7 2R 1Y AR S R BSOH A A M
PN 1) 550 7 w2 5 1 L AR 5 R A=A — AT A A W
PN SR R 55 P i R 1 22/ 25 T 7 i R B
B 2Nt B, B3 A TR RIS B AR
123 ARkvitie A FHE 7 & 6 8

TN SR (4 A 12 H) USRI (4 A28 H)
7 AR TC A AILAE I 58 5 P 2517 238 2R, SR X £
LU U AT B AT, IR 4 SRR 75
25553 MR PATE 2R (1), BASREE S EA6 1R
T 1 om A SRAEFT , B K SR 1 7 1) e e 7 RAEFT
L BT 202 A B N R R AT 15 em,
B2 1 RKEAR, RRUGREE 5E U KA R 5%
T T F BECRAE S IS | FRI AT B 1)
ST A S E I TR A P AR TE AL
VRNV BEIE N 2 RAE R S5 3 R 8 S L2k
FEAR S T T R Y B FU M R R i 2 R L
(AR R 55 T 28 i PR AT

— —m. EMRMAR T — — —
i_ 30 H-IT;J: ’I Second route!_

l
30mabove | S % i L |

| ,L\ Measured spraying width
< |
| = \k A - \l< o |

P -
I i | Tt | Sy |
s |l AN
Measured spraying‘ 30 m above |
width l

Df R S v

Bl ERFEERFEAHER
Fig. 1 Schematic layout of sampling points for

measuring droplet penetration rate
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Fig. 2 Spraying width of single-rotor plant protection UAV under nine combinations of operating parameters
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Fig. 3 Coefficient of variation of droplet coverage within the spraying width of the single-rotor plant UAV

under nine combinations of operating parameters
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Table 2 Operating efficiency, pesticide volume, droplet coverage and penetration of the single-rotor plant UAV under the preferable

combinations of operating parameters

551 Full heading stage 4¢3 Full-bloom stage

VEy ki i (el i WiE EEeR  ezie  LEFE TEEM i LREER TERERH i
g5 Operating e Spraying Operation Pesticide MR EER FEER "R EHmR iR
No.  speed/ (e;)llt)iiiit:/lri flow/  efficiency/ volume/ Upper Lower Droplet Upper Lower Droplet

(m/s) (L/min) (m*min) (L/hm?) ~ droplet = droplet 0\~ droplet — droplet o
coverage/ coverage/ tion/% coverage/ coverage/ tion/%

% % o % % ‘
A8 3 2.0 1.6 914.4 17.5 2.11 0.69 32.8 - - -
A9 3 1.5 1.6 869.4 18.4 2.08 0.81 389 - - -
BS 4 2.0 2.0 1 380.0 15.5 227 1.06 46.7 1.93 0.85 43.8
B8 3 2.0 2.0 1 040.4 19.2 2.33 1.13 48.6 - - -
B9 3 1.5 2.0 975.6 20.5 2.68 1.61 60.1 2.28 1.26 55.1
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R T 81.86%~84.43% 5 4 it 24 Hif /N 22 F M3 s
TEFRER T 5.00 0 ARk 2845 B5 5B 25 14 d
XF7INAZ AR B B 16 R 53 R 59.019%~65.57% Fil
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67.08%~75.15% ,VE\L Z 5041 & BO BB IR B
TR S GBS (£3),

FE/NFE SRR B IR B, 2 R R &
A R EERARES VR S8 b4l & BS 5 B Y] L
K E BT A BITIA RO, M LAV R o B

4 15.5 Loy, 2545 S PRAE M 303500 36.8 hm?/d., >4
FE [B] /N 2295 WU R AR R B A T ), R T B i 1
— A, AZS T 2 RO E S AR, HOE B
B NEAMAEM SEU &, it 25 itk 20.5 L/hm?,
ZR G PR 4 26.02 hm?/d.,

FUR, S5 BS AU S8R &, Hoit 25 W
RIERMIELSEHAS TR LREEERT AN/ NEIEBHEIBIARR
Table 3 Control efficacy of wheat aphid and powdery mildew using the electric single-rotor plant UAV

under the preferable combinations of operating parameters

/N W /NZE B
Wheat aphid Wheat powdery mildew
B o R o Y
SHAA R e 2 i 25 iR
Parame- Operating Operat- Spraying It Number of Control effect/% PR R Control effect/%
ter com- speed/ ingalti- flow/ Field wheataphid — 24J51d 24)53d  Z)E7d Disease in- Z)a7d Zyfn14d
bination (m/s)  tude/m (L/min) before pesti- - One day Three days = Seven dex before _Scven  Fourteen
cide applica- after after  days after pesticide days after days after
tion/(heads/ pesticide pesticide pesticide application pesticide pesticide
100 plants)  application application application application application
B5 4 2.0 2 1 614 82.66 86.64 92.71 3.07 73.07 82.16
2 635 82.08 88.04 92.37 3.71 73.84 81.86
3 875 71.40 79.97 86.16 7.78 40.55 59.01
4 935 76.93 82.73 88.62 6.48 50.39 65.57
B9 3 1.5 2 5 542 82.37 87.74 93.91 3.45 76.41 84.43
6 866 84.03 89.53 95.68 241 75.71 84.35
7 524 84.54 89.46 94.82 7.83 46.92 67.08
8 823 80.65 87.94 94.38 5.74 58.35 75.15
CK 9 587 - - - 8.93 - -

2.7 INEREHMRAEL S AN
271 AT EFBFTEEELFGELSHMA
IINZE REAC I, /N2 ke ey 5 P T RRLHE 30 S A
BaRgn T R iR RS T g E RN 5
FEHAREAS , PRI, SR FH/INAZ SRR AR AL 5 A 24
1A BS MIBY, MRS H AL A0 BS 5 B, 55
TEE AT R 43.8% F155.1%(F£2) .
2.7.2 AT AIEHR R F B S SOR AL AR AL
TE/NZE FRHR BTG b, BIARCR 5 55 T 0 25385
R 5/ N2 SRR —8 Yty Rt 1
HU/NT 5.001F,B5 5 B X 2 FiE L S5 A 1B iR
R S3 9)N 86.65%~87.47% F1 86.99%~87.81%; 24
T TR BT 5.00 B, A7 8 55 1 28 B M BO VR
BRI BT IARCR N 78.05%~84.55% , 15 T B5 VRl 2
B A BB ROR (73.62%~75.83%, 3 4) . 1E/N#
IRERRBIIG L, BS 5 BRI S804 4 BB 16 RUR
ZFAK, BiiE 2R 55 5 R 81.78%~88.22% Fil
81.20%~84.55% £ VA o3 M, 16 /N3 S A6 1A 1k
P55 7 BRI R A1l 245, >4 ) e 35 2 A
RIS, S BAE AR = 1 BS S804 TR dL

S e, Ve PR T S MR 1 BO B
3 iTig

AWFEE R B AR RSB ST R
TC N M M 5 ' M 5 N 25 7 ot R )7 55
FRBAFARR R 22 53, 210052 Wi A M 843 55 VRl o
o FEE A RTC N R B2 A3, 25 T X
DRGHE I TR st BAA7 T AR S5 DA s Al
W B 2 /) 5 B W e 0, SRz T AR 55
T B DURER N, AL W a0 5 415 b g R S AR AN A
TS (4 58 2 R IT, ARall g B = IS i 1 5573
780 L S R AR VRl o JEE i v e i R 2
FEARAL BRI/ ST AR (2020)BFFT4E R
AAAE— L2257 (HJE B 1l g 2 A SN I 8 et
ISR A/ N A — B, HAE SR S NPT
6 AR PR IO L [ AR, 3R 1 5 AR B
FAUR I FZR . ABFFEEA LR ARk
A i 25 e 2R A ol e JRE 3 T S 4 Y
s UM AT BE AN, 25735 (1432 Sl T3
T TR 52 B3 X373 B T ) X373 B SE R S o, BT
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PRGSO AT SRR 22, S R RS (2016) 1
RS — B (BB A5 R A 22 57, 26 5 E BRI

BBHOR . RIAEAE PR TC AP BRI, SR H]
(R RN e R NI N (BN 4D e =8

F4 ERUELSHAS TR BEBERT AN NEBMBEINEFRERHBEHR
Table 4 Control effects of wheat powdery mildew and scab of the electric single-rotor plant UAV

under the preferable combinations of operating parameters

" . e /N FUB INEREEIA
;fi: ffiﬂeﬁr ﬁi&ﬁi 1E ik% i3 ﬁfﬁif I \X:Eeat pOWf'iery mil‘df:w; _ Whea}} scab _—
combina-  speed/ Op.eratlng flow/ Field ﬁ@é’j HI.J TR AL IIREES ﬁﬁé’j H'.J UHE RS IR €S
tion (mJs) altitude/m (L/min) D1se.as.e index jt)ef(.)re Control Dlsefcls.e index peere Control
pesticide application  effect/% pesticide application effect/%
B5 4 2.0 2 1 4.73 87.47 2.42 82.81
2 4.81 86.65 2.58 81.78
3 10.87 73.62 2.40 88.22
4 9.13 75.83 2.92 85.00
B9 3 1.5 2 5 4.13 86.99 2.67 84.42
6 4.15 87.81 2.83 83.39
7 8.73 78.05 1.83 84.55
8 6.59 84.45 2.33 81.20
CK 9 26.52 - 8.32 -
TERR N WU SRS REIHARCRIT 2%

FEITI, SEHAAESE (2017 WHFE T HE S st o
NHIUAE /N T 1) 555 ORI AT LSO /N A2 35 ) B
TARCR 25 SRR Y B O BB R S8R AR
3 ARA Rl =3 B R Mt 3 o (4 25 75 2, B g
DiREEVE N LRE 2 NN W1 DS i b s S
 IEAEP R 5 5K 45 (2019 ) 3 AIF 5T 32 1 55
DU B A Wi L 2 (38 T B ARl e PO R AR i 484
T CRR A1 2y S P U Bt APl e JEE A T i 22 22
B v 2% 1 7 i R S H SOk T LR o L B R Ak
R HAMIFRECRA A B Mg ITHEE R
AR5 R it 2 PRI K, B T AR ) 25 T DA R
i R LT R A 25 B i R, Rl RS AT
o HE A AR AR PR TS AHILRIZ 6 /N 22 A bk B e 3l B
R, AT/ NAZ S 2 A o B M 2 e, i i i AL
TERSEHELGR . TSRO T 5
THUCRICR ARk, [RIRER 245 4 TH VR M AE bk
FEE S R B R AR O, 285 75 T8 LA E ML IR TG
IMUSEPMEALZH . /N2 IR 75 S AR o 5 T
FRIERAR , Z5 T B MERE /N L 5E 75 AR R
S i T 8 21 s /N A SR REI S AR AR
I T AR R DRI, R Rt o 1 253 22 Y
MESE, [R]Fk 2 A B 1) 22 e i U 22 A R PR 2
TR , B2 R 25T 2 R A TR BARCR , 2
[F1) B0 L R 1 DL BLARIS , I SE e Al R
B IVl B, S R T A DU R A, U
TEPRAEVE MV R4 T Ve 25 T o B AR B A

HATAL AR IC N RV 2850 B B R AR
Z BT Z b T AR S BN e, 6T
I UE AR R A ST RIBTIR SR I8, AN TR
AT /NS R R R 5 0 TR R AR A DL 2 S B
R AAERTAN L PR B v, Bp— Rl 24
TERR SR BRAE | o 2R SE B LR AT/ 2
RO R ARV CR SR BT Z AR, A
WFFEACEE R HE B RIS A ML R, ¢ T 2 )i
S IRICABILLL KA [7] FH ] XU 25 R S5 TR
P I E B RCR AN A 7 E i — 2P
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