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Abstract ; In recent years, drones have been explored as a potential tool for pollination support in hybrid
rice breeding. However, the limited flight endurance of existing electrical agricultural drones necessitates
frequent battery replacements, hindering the efficient utilization of the limited effective pollination time
window and reducing pollination efficiency. To address the limited endurance of drones in pollination
tasks and optimize operational parameters to enhance pollination efficiency, a supplementary pollination
drone was designed with extendable flight duration, utilizing a time-sharing parallel power distribution
scheme with multiple battery packs, achieving a maximum flight endurance of 50 min. To improve the
pollination effectiveness of the prototype, a numerical simulation of the downwash airflow generated by the
rotors was conducted by using the Lattice Boltzmann method (LBM). The optimal flight parameters of the

prototype were found to be a speed of 4.5 m/s and an altitude of 2 m above the male parental canopy.
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Field experiments were conducted to validate the prototype’s pollination effectiveness and the optimal

flight parameters by comparing three drones; the prototype, a quadrotor, and a hexacopter. Data were

collected in four dimensions: average pollen grain count per single field of view, fruiting rate, yield, and

endurance time for standardized deviation analysis. Results showed that the flight endurance (42 min) ,

the pollination efficiency (10.5 hm® per flight) , the averaged pollen grain count (6. 98 grains per view,

meeting the agronomic requirement of at least 3 grains), the yield (1 996.5 kg/hm*) and the

comprehensive score of designed drone were better than two comparison drones. The research result may

serve as a reference for enhancing the efficiency of drone supplementary pollination in hybrid rice

breeding.

Key words: drone; hybrid rice breeding; supplementary pollination; endurance time; wind field
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Tab.1 Results of wind field width and speed of prototype simulation
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2 3.5 2.0 4.8 3.6 8.7 3.9 5.6 2.8 12.0 5.6 4.8 4.2 8.7 4.2
3 3.5 2.5 5.0 3.2 7.0 3.6 5.0 3.6 9.1 4.6 4.6 2.8 6.3 2.8
4 3.5 3.0 4.6 1.6 6.2 2.4 3.4 1.6 5.7 2.1 3.6 0.2 3.6 1.5
5 4.5 1.5 4.4 3.0 8.5 3.7 5.6 3.4 13.6 5.9 4.4 3.6 8.4 4.2
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10 5.5 2.0 4.2 2.4 7.3 2.9 5.4 2.8 8.3 3.9 4.0 3.2 7.1 3.0
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Fig. 16  Velocity curves in three-dimensional at flight
speed of 4.5 m/s and altitude of 2 m

B PIIIXFR TREAL RATALZ, 200 v 5, Bl
N T T R, HAEBER R 7 WA JR AR R
(8, 3% 05 10 X7 A F T A0 B B AL B . 4 P b i
sk, z iR WIE, iyl g2, FEE R
SERENLATHERS , ML AT BUE a5 AR, 25 B AT
& KI5 FAEE H A REHLOE el B 520 AT S8
N RATHE 4.5 m/s IR ACATEZ ©ATHEE 2 m,

3 BYLHEEEEEHINE

3.1 HENREAE

B ARG A TR A R X T B e %=
G- i Bk 4 TR0 A B ) 2% 58 7K e ol b 5
(26.68°N, 110. 54°E ) , il #h 2H & . 4001 S/ B i
oo AECA PUMAL AR B ) B e R B B2 Ry
Pl ACAHREAR I 6: 35 By KAT L Fpl, HodpAQ A
FATE M 1.8 m, BEARKETE N 7.5 m, FEHLAE HE]HBY
BRI I WA 172 Fis

TEICR 34 FL A () — JRAAC AR B 9 30 R R B AR A
AU X, 78 R SR A X8 P A B 20 m 2 (] 1
A B C 3 MEE/NX, BA/NXE EEF NG 14 >
HLTACA R AEA % B R A A, BEAR R DX 3k i



236 P 1 R A= 4

20254

(@) MR IO <c) i
17 FEALE 4 B2kl
Fig. 17  Field supplementary pollination test of prototype
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Fig. 18  Distribution of pollen data collection point
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Tab.2 Three drones for supplementary pollination

operations
2R FEHL P20 T16
1.25x1.10x 1.38x1.35x 1.8 x1.51 x

]/ (m xmxm)
0.35 0.44 0.72
WL kg 12 13.1 18.5
Lt T i kg 5 5 6.1
AR/ (A h) 22 18 17.5

AR5 AN XS DU BESLTE N R B Bh BB 5T
ALK BT B 5243 RATHEE N 3.5 ~ 4.5 m/s
WL, AU T B AT EE 4. 5 m/s | KAT
JE 2 m i BRI, 8 52 P FH ()4 B 52 01X 5
i RERLR DA B L Z 800 6 XA TR e (1
/AT, T FR . — SO AR IE A AN
BRFHEAT 2 ~ 3 YA BB, B2 B i (]
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Fig. 19  Stained pollen grains after 100 x microscope

magnification
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Fig.20  Average pollen density distribution of three drones
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Tab.3 Standardized result of four dimensional deviation
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