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Optimization of flight operation parameters for supplementary pollina-

tion in Kuerlexiangli pear using an unmanned aerial vehicle

WEI Jie, JIANG Yuan', XIE Hongjiang

(Agricultural Scientific Institute of 2nd Division of Xinjiang Production and Construction Corps, Tiemenguan 841005, Xinjiang, China)
Abstract: [Objective] The self-pollination fruiting set rate of Kuerlexiangli pear was low, and in the
production the artificially assisted pollination is needed in order to improve the yield and quality. How-
ever, the traditional method of hand-assisted pollination suffers from low efficiency and high cost. In re-
cent years, with the rapid development of modern information technology and its widespread applica-
tion in the field of agriculture, the technology of unmanned-aerial-vehicle (UAV) -assisted pollination
has been widely applied due to its multiple advantages, such as high efficiency, high fogging effect, low
cost and high disease blocking rate. To investigate the distribution pattern of droplets deposited on the
canopy layer of Kuerlexiangli pear trees under different operating parameters of UAV-assisted pollina-
tion, the present experiment was undertaken to screen the optimal operational parameters, so as to im-
prove the pollination quality and operational efficiency. [Methods] Five factors, including different
flight routes (up-row flight and inter-row flight), spray volume (15 L-hm?, 30 L-hm™ and 45 L-hm™),
droplet size (70 pm, 100 pm, 130 um and 170 um), flight height (1 m, 2 m and 3 m from the top of the
canopy), and flight speed (3 m's”, 5 m-s” and 7 m-s") were selected in this study. Three measurement in-

dexes, including the droplet density, deposition volume and coverage rate, were analyzed during the
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blooming period of Kuerlexiangli pear. [Results] The droplet density, deposition volume and coverage
rate decreased from the upper to lower layers on the trees when the UAV flew along the upper row. The
droplet density was significantly different between the upper and lower layers, and the amount of depo-
sition and coverage rate were not significantly different among the upper, middle and lower layers. In
the inter-row flight, the droplet density, deposition volume and coverage rate on the upper layer were at
the least leve and the three indexes on the same layer were lower than those in the up-row flight. The
droplet density, deposition and coverage on all layers of the canopy increased with increasing spray vol-
ume. At a spray volume of 15 L-hm™, there was no significant difference in droplet density, deposition
and coverage between the upper and lower layers of the canopy, and at spray volumes of 30 L-hm™ and
40 L-hm?, droplet density and deposition decreased significantly from the upper to lower layers of the
canopy, with progressively significant differences. With the increase of droplet size, droplet density
showed a gradual decrease on the same tree canopy. In addition, with the same drop size, droplet density
gradually decreased from the upper layer to the lower layer, and the deposition amount and coverage rate
gradually decreased from the upper layer to the lower layer when the droplet size was 70 pm—130 pm.
The deposition amount and coverage tended to increase sequentially from the upper layer to the lower
layer when the droplet size was 170 um, but the difference did not reach the significant level. As flight
height increased, a significant difference in droplet density, deposition and coverage was only detected
on the upper canpoy layer, but not on the middle and lower layers. At the same flight height, droplet
density, deposition and coverage decreased from upper layer to lower layer of the tree canopy. In the up-
per canopy layer, there were no significant differences in droplet density, deposition and coverage at dif-
ferent flight speeds. Moreover, on the middle and lower layers, the three indexes gradually decreased
with increasing flight speed. When the flight speed was 3 m-s™', the droplet density, deposition amount
and coverage rate showed a first decreasing and then increasing trend from the upper, middle and lower
layers, but the differences did not reach a significant level. When the flight speed was 5 m-s™', the drop-
let density, deposition amount and coverage rate showed a decreasing trend from the upper layer to the
lower layer, the droplet density on the upper layer differed significantly from that on the lower layer,
and the difference in the deposition amount and coverage rate was not significant among different lay-
ers. When the flight speed was 7 m-s™', the droplet density, deposition amount and coverage rate showed
a first decreasing and then increasing trend from the upper, middle and lower layers, the droplet density
and coverage rate on the upper layer showed very significant differences on the middle and lower lay-
ers, and the deposition amount of the upper layer showed very significant differences with the middle
layer and significant differences with the lower layer. There were no significant differences in droplet
density, deposition amount and coverage between the middle and lower layers. [Conclusion] The com-
prehensive analysis suggested that the UAV was more effective when it flew along the top of the row,
with a spray volume of 45 L-hm™, a droplet size of 100 pum, a flight height of 1 m above the top of the
canopy and a flight speed of 3 m-s™'. This paper provides technical reference for UAV-assisted pollina-
tion technology, and also provide theoretical basis for futher completing the relevant technical specifica-
tions.

Key words: Kuerlexiangli pear; Unmanned aerial vehicle; Supplementary pollination; Operation param-

eters; Optimization
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Table 1 The factors and levels of experiments
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Level  Flight route Spray volume/(L-hm®)  Atomisation particle size/um  Flight height from the top of canopy/m  Flight speed/(m-s™)
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Fig. 1 Effect of different flight paths on the distribution of droplet deposition in the same canopy of Kuerlexiangli pear trees
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Fig.2 Effect of different spray volumes on the distribution of droplet deposition in the same canopy

of Kuerlexiangli pear trees
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Fig. 3 Effect of different atomisation particle sizes on the distribution of droplet deposition in the same canopy of

Kuerlexiangli pear trees
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Fig.4 Effect of different flight height on the distribution of droplet deposition in the same canopy of Kuerlexiangli pear trees
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Fig. 5 Effect of different flight speeds on the distribution of droplet deposition in the same canopy of Kuerlexiangli pear trees

R B RVTFEZEZ 2 E TN ES HE
FARIEFNEZE KN CATHE NS m-s' I, 5
FREDIREME SR EZEE T E 2 IR L
fiEa%, LENEZHERS T ERERRE, TIHEM
BRFEAELERNERARE. YITHEEANT '
B, S % TR EME SR Lo T =220
SEIEEEFRES, DR SR Em RS T
EMTEENREEZER, FENIRESHEER
WRE STEEREE. PESTENSHEE.
VIR ERRYTTREZET.

ZRa ANTE] AT IR N A AR AH [E] ek 2 A [F] )
AT JE T AN T J2 2 18] 25 35 I TR 23 A 45 51, 52 B
VEMVISF DL RAT B 3 mes RECR BT, SN 2530 %5 i
DU E B 5 RO A SR B3 T 5 mes Al
7 mes” AL,

3%

T NHUE R FA R PRIBORS HE AR (4%
A BE 5 SEBURT HE E ML HRAS [F) AL s vV L, HL
AN SZ IR T FR ] 78 B L i L FEE AR N th T st AT AR

A ) 57 BRAENIR FH JE NG K FEHE R, K AR
XN TTEH, TE AN 1 AR & A 1)
N AEKFEE PO R A BRI R R ). 1
o ML B H R, 55350 RS DU 27 05 55
KR T ML 25 Ky L QAT R 2R IR 358 XU R 4
PR T AR S 3055 2 Fh R R, % R 3R 2 1)
WAFTEE L AR . T ANNLBL G AT, Jie 3 B
FEAE AR BA R ) e 2 S BT AR B A AN A
5], X3 1) 78 25 55 X35 P48 5 T 4D RG]
DA B JR 37 14 43 A SRR S L 4 5 i 64 B A Sk )4
N& e

AR o g SO KRR B AR (AT 72 R B, 7E 7K
Fe 568 J2% PN BT T B X3 (R L IRk 3 252 TE A LI K
AT KL BT R AT m R, R [FRIL
RSB AFAFE . SFHEET I
IR, TR Y AR AR R Hie 38N\
WLIEAT S S5 AE ML, YRR AT DA o4k, &
17w B B 2 TR 2 my KAT I E L 2~3 mes" YE [
WAE . FIEEESR AP E T AT T 6T E
5 BF 666.7 m® B IR AT B 5 1E A AL A



170 3 L)

S 4

413

S 2 TR A AR 52 R0 , 25 SRR B RAT =1 1.5 m,
W5 4.0 L-666.7 m™. AT 3.0 m-s™ F 5 UL
R 5 RN 35) S PR AL » 5 W) 55 DO R 5 R 1) = 2 [
FIRUE R 666.7 m* Ml & ¥AT Wi T RAT I .
AR A S5O0 5 T O RR B8 55 R 55 U RR 50 S0 12 R
FLaE R Ta H FERE E AR S HOR WL IR =
1.0 L-min EMV = 2.5 mAENEE 4 mes'. 500
55 TR R 1 3 O Ak 0 g Vb 3 B2 AR b sy
JE£ W5 Sk U R, SN 550 DUAR 2 MR DR 2 3 IR
JIENY i BE ARV B WSk B . B A S R
B EIRE AR AT R 2 my AT 1 mes
ARG 4 WA T 58 A FE R 90° 1 -+ 57 T Mgt
b HFE B2 X545 105 eom B, 2503 78 32 SR 1
VTR LT . BB AEARW T P43 45 2R 5 DL Bt
FLaE R BEA ML A A AR 2 AL, 7T g2 T AL
BLESAS R S HOE AT S HUE 1 A R R HUR 9%
B R 2R WA T AR, S H AW S A EL
SemaER , R, (R S BB 52 4 AH [
3.1 KATAZEX EEIMAR 2R 2N
TN RAT A ZAN [F] , e 25 OAR 70 A 1 100 A
A FHAPETE Y FIEFKEL LR 45 1R
B, E AMLSEATCY 8] K, AN E e JZ 0 B AN &
A7 I ) 25 DR B LL AT (R RN ZE SR N,
HiE NIBE] . BHEAEAR TP 45 RS H A —
o BENANIAT L RATH, % IR S A
BRLEMAR ER BN ERIRBEAR, TAT 1 ©ATH, -
FEab, N ERZ AR B TAT EITH S
T U RN 5 R (B D, X AT R 8 55
P BT (0] S b 1 i&E BUE 2 WA 2> . R, 7
AN RLIE AT b RAT , e KRR E b sk 2> 25 35
ek, e m ik 2% .
3.2 BHREXNEFHTINSHHEN
EAHFVENL S EORAE T W EEROR , B0z T AR
PN 55 (R CRR 7 AT BRI, A S 42 32 A6 K (R 28 A
Ko AL F 0 A2 /KA et J2 DURR 20 AT R fE 2R
B, S h0 v P DA 3 v i O DORR S B A
W5 25 B 71 AT DAY 35 42 1 55 i DR B A AT &R
AT T 45 AN B, [t A W B 0, B e 5 JE 1
Z G B U AN f R 2 3R . UM EN
15 L-hm” B, 5530 % B UUAR & 78 a5 R AR | 2
BN E R 2R, MWK E 8 30 L-hm®.45 L-hm”
B, % TR E E SRR MW E EER R ZH

OEK, ZR 3R E . K, B e Bk
45 L-hm” J¢ DA bRy =
33 EUREXMEHNRS MmN

SRS Z A % R A %
PIRIRR . WEZER AR, ZHEE 2L
G0, M bE A Z AR RN, A Sk RS ek
MRS EEEN, BT mssy., F4F
SECURIEFT RN, T 55 R0AT S 2 R T AR FE AR )
DU, B TRTAR 25 VRTAR & B AT Bl 55 T RLA D)
T34 KA S, Z5 RISk , B A7 T AR 2 TR &
K, A A SIPERR LY o ARHIT FE 4 AR, Bl 5 AR
B R, 551 2 FEAE A 24 [F] — e )= 4k 23
HZ T PR R B, FEAR R 5 AURLAR T, 2510 25 2 A
BRI EIREREK , 5 R AE 70~130 pm B, U1
EME SR EZB T EZE KR 3. Rt
KIIZ 3 G DT , A 5y b RERRS B8 R Uk, (R 4y
AL L) I Re S22, T SRR /)N, 78 5 % FE T
B 5 B8 70 i, (L5 5 52 S 2 R T e A2 SRS R 52 1
WL 78 R HUR , 7 TR B — AN & 1P s DA A
Iy RKAERAL KN RIS . R, 2 & F A
[F R A% 1) 55 ¥ LURR 23 AT 25 SEANRLAR R /N B Pk A
TE SEPRAZ R AR I B R 55 AR A2 100 pm.
34 UTEEXNZRENRSMAEN

TE AL RAT = BEB =y, 250 U P Y B AR G, 5%
MR 55, 5500 AT BARS PR Bk, 28 328 78R 55 , [R] B 4
SIE LA KBNS SN, RAT R
TRAT T R S R AR X S 25
DU B IEARSG . S S B SR B, 555
WEME GRS UTHEE . T EES 2K,
X1 BH P R AIF 58 A, e 30 25 3 D R 7 R B TS AL R
A7 w1 FE T i PR AR . B3 FE AR T I, 5 [
— RATEE R, % B DU B A 55 R A AR T
JE M BB ARIRGE I . B AT B T, A R R
EWEHERE IR EMEGER NS MWE L EER
BE PEMTEZRAHE, X5 /%N X
BB T 45 A — 2. RAT BRI, B e A
BLE) 22 A, (A I J0 AL ] g 22568 fE AT Sk
B R SR . DRI, FE SEBR A AR ) R 3 R A
FEIFEE 1 m i
3.5 KTIREXZHEIMR AR

To NMUAE V38 R 2= B 5210 553 1 28 32 PE AR
Ptk o BEAE VRV BE IR0, AR b R AR R4



1 oz

A5 BRBAE RN B AT S8k 171

(B 550 o i 2 R AR R JE AR e 2 K ik
TR R R TR 2738 77 5 Tois PR 22 T 2L BE A , B
o B0 th oo A S I, S B S AR AR R AR
B o o B A S5 O R A SO T &5 SRR, T
PR TR EM XK, HEE TR, %
T DU R AL B BTN, RN 2 52 40 5 U7 1 5
Wi, B FRSECIIT FUAR i S T B A I
551110 3 B WA R R DR TE AW R AT 1
ARV E L 6 ms's AL R TR, EAF AT
T B R 1 %5 0 DU BN i R TE W]
BEFETEMTZ, B ATHEE TR, Z i
& UUTAR B AN o RIZW T . £ ATHEZ 3 ms™
I, 550 % P TR BNV 3 A% R (B % 5+ Bt
AT LRI R, Z 0 5 B DU R A i RAE KR
[ Y 22 S B 02 2 K (B 5) o RAT I BEBRAIG , 5505
UURFE R ARG, (R BB R 2 i 2 B, 28 A
BN BRI, 455 25 FE B B AN A S FE 2B
FR RAE I BB 3 mes™ (K RAT I

SEH LA I IR ) P R S R AN LA B
RN S HOE T I WY, £ B 8854 [X ik
AHREL SR TT O IEEERTE , AS RIS 1) 76 8 A g
FEWAAR A FR B S ARTE LS80 feidt— 25
WEFE . AEA AT AN A B AT 4 BB 1 e
Nt — SR R AR, — Ty T
R BRI AT IR S8, d5 KR B Hh s> 5
T RV ARE B R A ZE R AR » 5 — T T I 75 Bk 408
BLRIRASFAT miE PR RE BHRRC EE , BEANE 2T
HE 55 B RO AE AT, CABR i A ALK BRI T
VNI py &S

4 45 @

% AR K “P100 2022 3% DY i 3 420 6 AHLTES]
BT A BB A AT 3 Bh B M, BF 90 AT AR
W B B ARAR L RAT R R AT R S5 2
DURR B AN 55 2 AE WA et J2 UAR 20 AT IR s i, 25
T, MEANIAT £ AT B 45 Lhm? ALk
#2100 pm. AT S B BT 1 my K47 3 mes™
B R -

22 Ek References:

[0 5K EIB SR AR, TR R TR 2T A
BUB 0462 0 26 R A U AT ol TR
#,2021,37(20):90-98.

(2]

[3]

(4]

[5]

(6]

(7]

(8]

WANG Qing, CHE Yingpu, CHAI Honghong, SHAO Ke, YU
Chao, LI Baoguo, MA Yuntao. Monitoring of sugar beet growth
using canopy spectrum and structural characteristics with UAV
images[J]. Transactions of the Chinese Society of Agricultural
Engineering,2021,37(20):90-98.

PR, MR, R, B A LTI AN R B s 2
SRk 2% BROEAL 77 7R (] ROk D AR 4R, 2021, 37(16) : 39-
46.

YAN Enping,JI Yu, YIN Xianming, MO Dengkui. Rapid estima-
tion of camellia oleifera yield based on automatic detection of
canopy fruits using UAV images[J]. Transactions of the Chinese
Society of Agricultural Engineering,2021,37(16):39-46.
FERIR, B, EAR, Brbedl, W RS . T AN
IR 4 /N2 B 308 FR IR [T, Rk TR 2% 4R, 2020, 36(22): 31-
39.

WANG Yuna, LI Fenling, WANG Weidong, CHEN Xiaokai,
CHANG Qingrui. Monitoring of winter wheat nitrogen nutrition
based on UAV hyperspectral images[J]. Transactions of the Chi-
nese Society of Agricultural Engineering,2020,36(22):31-39.
TR, K SLE, B I R IR, SRR | BRI NS
T3 B B2 TE NHURE IR M 75 322 0], Aol A% 27 4%, 2021, 37
(23):127-135.

SU Baofeng, LIU Yulin, HUANG Yanchuan, YU Rui, CAO
Xiaofeng, HAN Dejun. Analysis for stripe rust dynamics in
wheat population using UAV remote sensing[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2021, 37(23):
127-135.

B RN AR, B2, RO, B 2R T
PN IES N iR W N RN EUSE ) 8
FE244],2021,37(24) : 56-64.

ZHAO lJing, YAN Chunyu, YANG Dongjian, WEN Yuting, LI
Wenhua, LU Liqun, LAN Yubin. Extraction of maize lodging in-
formation after typhoon based on UAV multispectral remote
sensing[J]. Transactions of the Chinese Society of Agricultural
Engineering,2021,37(24):56-64.

WA, bR, BES 4, R 008, R A, SR . BT o AL
V-6 BIAAE R EAS S AR I ], L CFE 4R, 2021,37(1): 68~
76.

SHU Meiyan, LI Shilin, WEI Jiaxi, CHE Yingpu, LI Baoguo,
MA Yuntao. Extraction of citrus crown parameters using UAV
platform[J]. Transactions of the Chinese Society of Agricultural
Engineering,2021,37(1):68-76.

F A, Ve, AR TR R TE AL R IR S
JEEA[J]. £424,2019,58(9):625-630.

WANG Lei, ZHOU lJianping, XU Yan, LI Zhilei, ZHANG Bin.
Application status and prospect of agricultural UAV[J]. Agro-
chemicals,2019,58(9):625-630.

JUNCH, EAREE, W SRR, EALHE, AR e S L JREA
LRIC AN AR [I]. 4 245,2018,57(4):247-254.

QI Wenzhe, WANG Feifei, MENG Zhen, ZHANG Dianli,
WANG Hongyan, QIAO Kang, JI Xiaoxue. Application status



172 xrOW

4

{: H4a14

(9]

[10]

[11]

[12]

[13]

[14]

[15]

of unmanned aerial vehicle for plant protection in China[J]. Ag-
rochemicals,2018,57(4):247-254.

RIS b TS A S R, B2 EREEARLEA
WU B A0 TE R W 2 U 32 [ 2 5 R0 it 3 BT[] SR 27
#%,2021,38(10):1691-1698.

YANG Jian, YANG Huipeng, XIE Wei, HAO Haiting, FENG
Hongzu, WANG Lan. Parameter optimization and economic
analysis of unmanned aerial vehicle (UAV) assisted liquid polli-
nation for Kuerlexiangli pear[J]. Journal of Fruit Science, 2021,
38(10):1691-1698.

FAAR, BRI, B R, WA R, AR T2 RE I AN
I B b 1% 25 52 0 B AR [J]. YL 95 AR R4, 2020, 48(23): 210-
214.

WANG Shilin, LEI Xiaohui, TANG Yuxin, CHANG Youhong,
LU Xiaolan. Spray pollination technology of pear tree based on
multi- rotor UAV[J]. Jiangsu Agricultural Sciences, 2020, 48
(23):210-214.

EBE M, RAR, I, sk, BRI TS AN E 2
Hons 55 WAL A R 2 TR A0 2R D], Ak ARG iR,
2022(6):175-179.

WANG Lu, JI Guangpeng, SONG Wei, NIU Linglei, ZHANG
Donghai, ZHAO Sifeng. Effect of drone spray parameters on
the distribution of droplet deposition in the canopy of Korla fra-
grant pear during flowering[J]. Bulletin of Agricultural Science
and Technology,2022(6):175-179.

FIPAS TS I, S EA TREHES . AU TR B BOR 1],
oh [ B 5 B, 2017,46(3): 168-169.

QI Kaijie, TAO Shutian, WU Juyou, ZHANG Shaoling. Labor-
saving liquid pollination techniques for pear trees[J]. South
China Fruits,2017,46(3):168-169.

TRE SRABRE | R ORTC AN ARAE B R B AL b i S [).
PR FHE ,2021(5):89-91.

GUO Meng, ZHANG Chuanhui. Application of plant protection
UAV pollination technology in Korla pear[J]. Modern Agricul-
tural Science and Technology,2021(5):89-91.

K B SRR B, K75 B R AR, T3S, 5k 53, AT
FIET, B SC . T TR AT N AL B 2% S K R ) A
IRAT L[], 2238 KFE,2016,31(6): 19-23.

LIU Aimin, ZHANG Haiqing, LIAO Cuimeng, ZHANG Qing,
XIAO Cenglin, HE Juying, ZHANG Jianyong, HE Yan, LI Jiyu,
LUO Xiwen. Effects of supplementary pollination by single-ro-
tor agricultural unmanned aerial vehicle in hybrid rice seed pro-
duction[J]. Hybrid Rice,2016,31(6):19-23.

kT, BB, B B, EAR R, 2 IR, B, kR
R e HE TN BT U BY R 1L Z B ik (0], Rolk
TFE24%,2014,30(10):10-17.

LI Jiyu, ZHOU Zhiyan, HU Lian, ZANG Ying, YAN Menglu,
LIU Aimin, LUO Xiwen, ZHANG Tiemin. Optimization of op-
eration parameters for supplementary pollination in hybrid rice

breeding using uniaxial single-rotor electric unmanned helicop-

[16]

[17]

(18]

[19]

[20]

(21]

(22]

ter[J]. Transactions of the Chinese Society of Agricultural Engi-
neering,2014,30(10): 10-17.

Yk T S R R AR, R I, B0 R
TE 2 h 2 e 3B 5 0 AAUAH BB 15 L S 8tk (1], Aol T
FE2#41,2014,30(11):1-9.

LI Jiyu, ZHOU Zhiyan, HU Lian, ZANG Ying, XU Sai, LIU
Aimin, LUO Xiwen, ZHANG Tiemin. Optimization of opera-
tion parameters for supplementary pollination in hybrid rice
breeding using round multi-axis multi-rotor electric unmanned
helicopter[J]. Transactions of the Chinese Society of Agricultur-
al Engineering,2014,30(11):1-9.

SR, T3, whiAE . EORE A WL AT B E IR R
T S5 A M BCR RSE R[], o [ 5 SR, 2021, 50(1): 96-99.
MENG Yanhua, WANG Meimei, YAO Weixiang. Effect of
flight speed on spraying efficiency of drones on main trunk-
shaped fruit tree[J]. South China Fruits,2021,50(1):96-99.
S, £33 BHRFE Y TR R AR TE N EHLAE
TR Z W TR AR AU 9], v B R 7 R, 2020, 49(6) < 116-
120.

MENG Yanhua, WANG Meimei, YAO Weixiang. Droplet distri-
bution of two flight modes of unmanned aerial vehicle (UAV)
on the orchard of Y-shaped pear trees[J]. South China Fruits,
2020,49(6): 116-120.

WRER4E, 22 M, i 3G H, B R . N AR TE A DL 25
RO T 2 55 TR AT AR D], R AR R 2241
2017,38(5):97-102.

CHEN Shengde, LAN Yubin, ZHOU Zhiyan, LIAO Juan, ZHU
Qiuyang. Effects of spraying parameters of small plant protec-
tion UAV on droplets deposition distribution in citrus canopy[J].
Journal of South China Agricultural University, 2017, 38(5): 97-
102.

SIBHL, 22 B, BRI, BBUOR | A PRSI 2 500 SE R
TR PE ], ARHULHT I, 2020,42(9): 173-180.

LIU Qi, LAN Yubin, SHAN Changfeng, MAO Yuedong. The in-
fluence of spraying parameters of aerial application on droplet
deposition characteristics for apple fields[J]. Journal of Agricul-
tural Mechanization Research,2020,42(9):173-180.

¥, BT, it S0, e, Bk . W% B i i
SRR DR TE NS 37 550 £ /KA e )2 TORR 20 A fR 2 ],
PRI 2445, 2017, 44(6) : 1046-1052.

HE Ling, WANG Guobin, HU Tao, MENG Yanhua, YAN Xiao-
jing, YUAN Huizhu. Influences of spray adjuvants and spray
volume on the droplet deposition distribution with unmanned
aerial vehicle (UAV) spraying on rice[J]. Journal of Plant Protec-
tion,2017,44(6):1046-1052.

IRT, ZEAM, T AW RLAR X 7K FE et 2 55 3 U
ROCR HISE R D). 88 A0l R 22 224 CH IR BHERRD 5 2018, 44
(4):442-446.

LI Jiyu, LAN Yubin, PENG Jin. Effect of droplet size spraying by

unmanned aerial vehicle on droplet deposition in rice canopy[J].



1 oz

A5 BRBAE RN B AT S8k 173

(23]

[24]

[25]

Journal of Hunan Agricultural University (Natural Sciences),
2018,44(4):442-446.

W, AL . EANUBEZE Z i 0 ATk 7T (0], AR Aol K2
#%,2018,49(8):64-72.

TAO Bo, KONG Lingwei. Study on spray droplet distribution of
UAV/[J]. Journal of Northeast Agricultural University, 2018, 49
(8):64-72.

DR AR ST TR AR PRSIV . 2
R PRI AL /N ZEA AT KB /AT S HUR A 0],
AL 5, 2021,41(1): 77-81.

GAO Jun, LI Xingzhao, WU Chunjuan , GAO Yangqin, LI Xiu-
qing, FU Maodong, CHEN Litao. Preliminary study on optimal
flight parameters of multi-rotor plant protection UAV in differ-
ent growth periods of wheat[J]. China Plant Protection,2021,41
(1):77-81.

I . JE A B AT v AR B 50 5% 24 280K B4 52 1 23 BT ).
RMUALHEFT ,2020,42(8):202-206.

LIU Haiming. Impact analysis of the UAV flight height and ve-

[26]

[27]

locity on the spraying effect[J]. Journal of Agricultural Mechani-
zation Research,2020,42(8):202-206.

WRERGE , 2= M, 24k 57, JLEHE, &F, X2 I /ANE NETH
HLIGE 55 23 Rt 2% 28 /KA 7 2 25 T U AR 73 A5 RS R 0], ALk T
FE2#4,2016,32(17): 40-46.

CHEN Shengde, LAN Yubin, LI Jiyu, ZHOU Zhiyan, JIN Ji,
LIU Aimin. Effect of spray parameters of small unmanned heli-
copter on distribution regularity of droplet deposition in hybrid
rice canopy[J]. Transactions of the Chinese Society of Agricul-
tural Engineering,2016,32(17):40-46.

LB kL, BONDS J, 56 M8, 5 0, i Jibk . AFRTWTSECR
JUERRLERTE AN T e SR % 55 TR o A R P 52 i 1],
BEAO,2020,2(4): 124-136.

WANG Changling, HE Xiongkui, BONDS J, QI Peng, YANG
Yi, GAO Wanlin. Effect of downwash airflow field of 8-rotor un-
manned aerial vehicle on spray deposition distribution character-
istics under different flight parameters[J]. Smart Agriculture,

2020,2(4): 124-136.

(R FIRN2023FEFEMBILT

NT &

AR /b b I B S R TRES R AN A Reie N R I IS e o N = | eSS R 17 o Sl

¥ L ZAR R, AT G AT 8 TR TS R SOV s G Bl . R 2022—2023 FEAE CRI 27400 B R 1R 3,
B r R D 0 R S s PR A 5 B R BB VAN PR AR EAT £R G 0 M (R S U i E) 0 2023 4 12 A
19 FD, PFa R RE A1 A IR & ATIE B 10 F SR EEIL TS 18 50, LSl = AR B3 » S8 4 3t A 55 1 B R 22 0
IR BB LA AR, R Bl A V5 R SR AT R !

5 LA b3 HA5 F A
. et e TR
DR T A A B B | T AR AL B S ARSI e 00
e SRR RS R s | - —
> ﬁ;““ﬁmﬂ“*ﬁwmm%%*“ﬁT SRS  BRUR  E  FS T A BT EET | 2023(5)
S BE R R TR A B ST S TR o B B
3 ﬁ%éﬁ%ﬁxnﬁ%ﬁ*ﬁ BRI EAEE, R, DR, X0, B = 3 RS R SERE [2022(5)
] 3] 2 52 ST
4 BRI TR T A T S DR, I, TR, R HHEALRETAM | 0220109
AR
‘ \ TP AL A
k| 1 Mk 22 5% S E" 1, i N
S| EBE LSBT S R TR A TRt MR A 2023(1)
6 | JURRES AP IR I HAEHE T 6 JET, XS, BT IRk, % 5 :ﬁf%k% 2022(6)
e 252 it
| i o o PR 22 5
7 T RIS T R LR R S | RSO, BB, T2 B AT TP | 0227
8 | ST O AR RS R M | Eel St T e 3 e | L AR e
R
R R R A K A L o
o | I R PRI A | 1t e o, s TSRS | 202300
=R, N oA/ AW,
10 ;E;%%@%“ﬁﬁﬁ*ﬁ%mﬁw*mg U I ST BB BB | RS | 202(5)




