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Study about the Techniques of Gibberellin Sprayed by Agricultural
Unmanned Aerial Vehicle in Hybrid Rice Seed Production
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Abstract : Three hybrid combinations, Y58S x R900, H638S x R1813 and Fengyuan A X Huazhan, were used as materials
with machine — transplanting, artificial transplanting and mechanical direct seeding, different doses of gibberellin were
sprayed at different heading stages of female parents by using single — rotor electro — dynamic — force agricultural unmanned
aerial vehicles to explore the effects of gibberellin in the hybrid rice seed production. The results showed that the gibberel-
lin effect on Y58S with artificial transplanting was the best, when the earing rates was 5% —35% ,and the gibberellin dose
was 480 g/hm’. When the earing rates of Y58S by machine — transplanted were in the range of 5% —45% ,the gibberellin
effects were good with three spraying doses,which the package neck rate was low than 1% and the total panicle exsertion
rate was over 80%. When earing rates of H638S were in the range of 5% —45% ,the gibberellin effects were good with
three spraying dosages by machine — transplanted and mechanical direct seeding. When the earing rates of Fengyuan A
were in the range of 10% —20% ,the best results occurred at the dose of gibberellin 570 g/hm’ and by machine — trans-
planted. The gibberellin effects on Fengyuan A were poor with all the three spraying dosages by mechanical direct seeding,
which the package neck rate was over 1% and the total panicle exsertion rate was under 80%. In conclusion,spraying gib-

berellin on female parent by agricultural unmanned aerial vehicles could widely used in hybrid rice seed production.
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Table 1 Seeding and transplanting date of the female parents

1l A B R B
s Y588 01 -31~02-01 02-17~23
| A 05 -18 06 —06
H638S 05 -16 06 —03
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Table 2 The gibberellin doses and treatment code
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Table 3 Effect of different dose gibberellin sprayed by unmanned aerial vehicle

on female plant artificial planted (2016,Sanya,Hainan)

BEH ARt (g/hm’) BEZ B (em) FLHRL (% ) I ER R (% )
Al 576 99.77 £0.40 b 1.27 +0.23 b 84.64 £0.40 a
A2 480 97.14£0.17 ¢ 1.08 +0.08 b 85.48x1.11 a
A3 385 95.50 +0.08 d 1.74 £0.35 a 76.26 +1.33 b
CK 480 108.78 +0. 14 a 1.91 +0.05 a 66.57 £2.39 c
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Table 4 Effect of different dose gibberellin sprayed by unmanned aerial vehicle on female plants

which artificial planted or machine - transplanted (2016 ,Sanya , Hainan)

Ak T2 (em) BB (% ) BN FERER (%)
Al 99.77 £0.29 b 1.27 £0.40 a 84.64 +0.69 a
Bl 103.08 +0.69 a 0.97+0.27 a 87.81+2.42 a
A2 97.14+0.30 b 1.08£0.14 a 85.48 +1.93 a
B2 99.57 +0.26 a 1.05£0.08 a 85.85+1.27 a
A3 95.50 +0.14 b 1.74 £0.60 a 76.26 £2.30 b
B3 99.62 +0.90 a 0.67 +0.31 a 90.61 +3.41 a
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M2 5 WA FEREARHLAE AL B T A A
MU it A 7] 7 8 7% 25 2 B, H638'S AL 45 771 5 Ak 1
(A2 R B 2 S TR A B R LR 2
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Table 5 Effect of different dose gibberellin sprayed by unmanned aerial vehicle on female plants

which machine - transplanted and machinical direct seeded (2016, Wugang, Hunan)

i Ab 3 FJZ B (em) FHRAR (%) APERER (%)

H638S C1 110.29 £1.91 a 0.81+0.03 a 89.05+1.84 a
D1 106.49 £0.50 a 0.81+0.05 a 87.86 £1.65 a

c2 110. 68 £0. 67 a 0.53+0.01 a 84.14 1. 12 a

D2 103.10 £0.43 b 0.58 £0.09 a 79.53 +1.33 a

a3 112.35+£0.82 a 0.62+0.04 a 86.79 £1.02 a

D3 106.26 £0.75 b 0.63 +0.01 a 85.83+0.20 a

FEF A L1 103.54 +0.17 a 0.84+0.19 b 81.07 £4.42 a
M1 97.36 £0.12 b 3.78+0.33 a 43.48 £4.70 b

12 103.52 £0. 63 a 0.94+£0.20 b 77.16 £3.08 a

M2 97.16 £0.19 b 2.21+0.05 a 55.20+£3.37 b

L3 103.69 £0.38 a 1.14 £0.06 b 75.14 £2.12 a

M3 97.49 £0.67 b 2.04 +£0.10 a 61.66 £1.97 b
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Table 6 Effect of different dose gibberellin on single plant of Y58S artificial — transplanted
with different heading rate (2016,Sanya,Hainan)
Ab 3R i 4 B2 (em) HZBFE rd FLHRLH (% ) IR (%)
Al K1 102.43 £0. 84 a 97.94 0.58 £0.06 e 88.92 £2.00 abc
K2 98.06 £2.27 cde 1.44 0. 17 ¢ 84.63 £4.27 be
K3 101. 16 £0. 32 ab 1.80+0.13 b 86. 11 £2.00 be
K4 99.72 £0. 04 abc 0.49 £0.04 e 85.95 £3.74 be
K5 97.51 £0. 53 cde 2.02 £0. 19 ab 77.58 £6.03 bed
A2 K1 99.51 £0.73 be 93.98 1.14 +£0.08 d 89.03 £0.71 ab
K2 97.76 £1. 68 cde 0.32+0.07 e 88.64 £5.78 abc
K3 99.36 £0. 51 bed 0.49 £0.08 e 95.19+3. 14 a
K4 96.47 £1.30 de 2.25+0.16 a 73.72 £2.72 bed
K5 92.60 +0.87 f 1.18£0.03 d 80. 82 +4. 16 bed
A3 K1 95.94+1.37 e 96. 91 1.88+0.14 b 68.95+£9.97 d
K2 95.98+1.05 e 1.98 £0.09 b 78.89 +£8. 58 bed
K3 97.02 £0. 96 cde 1.66 £0.28 ¢ 80.75 +4.75 bed
K4 95.82+1.06 e 1.35+0.06 cd 74.53 £7.79 bed
K5 92.73 £0.51 f 1.84+0.10 b 78.21 +£3.81 cd
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50,B1 78 K2 By 80b R i Ik 0. 42% . 45 Ab B
i B2K1 4 4M R R I = oy 100% , B2KS 42 41 5 il
AR A 58.70% , 47 AL B K1 (K2 4 /)2l
FITE T K3 ~ K5, B3 I B2 7 KI B 42 /p g R &k
B, 5050 M 98.89% 5 100% , Bl 7£ K2 B 4= 4 g5 18
Bhim M 96.82% . 4y Hr Al I, Y58S FEAL#E B2KI |
B2K2 .B1K1 ., B1K2  B3KI1 ., B3K2 H} % jfi % SR &6
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F7 YSSSHIMBETEFNERERLENFEHHMIERFKRIE(2016,/5FH=1)
Table 7 Effect of different dose gibberellin on single plant of Y58S machine — transplanted

with different heading rate (2016,Sanya, Hainan)

Ak fif 39 TEZ B (em) RIS rd AR (% ) B ERREAR (%)

Bl K1 107.78 £0.75 a 95.97 0.53 0. 06 cde 91.56 +5.29 abed
K2 106. 28 +0.79 ab 0.42+0.01 de 96.82 = 1. 60 abc
K3 104. 67 +0. 19 be 0.54 0. 04 cde 88.88 +4. 83 abed
K4 103.67 +0.48 ¢ 0.82 £0. 13 cde 88.88 £ 1. 11 bed
K5 96.91 +0.43 f 2.54+0.16 ab 72.89+4.72 e

B2 K1 106. 24 +0.35 ab 93.33 0.00 £0.00 e 100. 00 0. 00 a
K2 104. 81 +0.52 be 0.47 £0.02 de 95.48 +2.32 abc
K3 99.84 +0.67 d 0.51=0.01 be 87.68 =1.17 cd
K4 97.39 0. 63 ef 0.52£0.05 cde 87.39 £0.39 cd
K5 89.58 £0.84 h 3.28+0.11 a 58.70 +5.53 f
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sb 3 I 5 2 (em) BRI rd FL B (% ) AR (% )
B3 Kl 103.483 £1.02 ¢ 96. 2 0.02£0.01 e 98.89 +1.11 ab
K2 103.30 +0.85 ¢ 0.33+0.03 e 90. 11 £5.77 abed
K3 94.78 +1.17 g 0.69 +0. 05 cde 92.34 +4. 16 abed
K4 97.30 £0. 31 ef 0.75 £0.03 cde 83.14 £5.12 de
K5 99.26 +0.49 de 1.58 £0. 14 bed 88.57 £3.99 abed

2.2.3 HO38SMIET A& A ETHREEFALENY KRR
GE SR &

FE A, H638S A T M jifh i 75 2% A e A 43 1
HEEFE bRl 20%  FH% 8 TN, & Ab B C2K1
JZ 1 FE e o 115,19 em, C1K3 3 )2 5 B A0
106. 99 cm ; Xof 45 71] 15t Ak 3 P AS [ i s 3 Bk ) P
LIS it 75 25 25 B, C3 9 B2 g B e B8 5% (rd =

98.42) ,C3 #&FF R 2 (rd =93. 58) 3 45 A FIL A ik
AL 1% LLT, Hor C2K2 43 3 47 38 fe (=
0.86% ,C3K3 FHUR AN 0. 22% ; 45 Ab P 424
FETEARIYTE 75% V) I, Horh C1K3 24 B3 i i
1 93.98% ,C3K1 4 AMNEEREAL N 76.31% , 4y
Bral &, T AHLXT PG H638S 4% 4b 2 i A il f 48 .
PRWE iR AR AT

x8 H638S AT ERFNERBRLEN A EHHTEZRALRIE (2016, #HFEEN)
Table 8 Effect of different dose gibberellin on single plant of H638S machine — transplanted

with different heading rate (2016, Wugang, Hunan)

pisE] i 4 FZ B (em) HZEFTE rd FHRLF (% ) IR (% )
Cl1 K1 113.06 +£2. 08 abc 93.58 0.58 £0. 03 bede 90.70 £1.43 ab
K2 114.96 £2.29 ab 0.57 £0. 07 bede 90.51 £2.24 ab

K3 106.99 £1.42 ¢ 0.29£0.01 f 93.98 £1.58 a

K4 108. 95 £ 1. 40 abc 0.41 +0. 08 ef 93.78 £2.03 a
K5 107.48 £2.23 be 0.83+0.11 a 92.96 +1.50 ab
c2 K1 115.19 £3.33 a 94. 64 0.76 £0.01 ab 82.04 £2.73 de
K2 110.79 £1.76 abc 0.77 £0.05 ab 77.10 £2.48 ef
K3 111.02 £1. 30 abe 0.28 £0.09 f 90.81 £1.19 ab

K4 107.11 £2. 44 ¢ 0.54 £0.04 de 78.85 £1.94 ef
K5 109. 29 £0. 64 abc 0.29 £0.00 f 91.89 £2.62 ab

C3 K1 113.55 £2. 04 abc 98. 42 0.55 +£0.03 cde 76.31 £0.57 f
K2 112.65 1. 87 abe 0.86 £0.02 a 84.29 £1.46 cd
K3 111. 85 £0. 59 abc 0.22 £0.02 f 87.94 +0.70 be

K4 112.52 £1. 01 abe 0.74 £0. 04 abed 93.84 +0.65 a
K5 111. 18 £0. 47 abe 0.73 +0. 08 abed 88.22 £1.25 be

2.2.4 HO38SMAHBTEANETAEEZLEZNREA
AR R B ARG HOR

126 9 AT, 4% Ab B2 5 B #E 100 ~ 110 em
i), Horp DIK] B2 & BE B i ol 109. 70 em, D2KS
)2 i B R AR 100. 16 em |, 3 4S5 i Ab 3R A B2
JEE I B 55 AR AE 95 A2 A5 4% A B A0 S0RE 5 AR AE

1.5% PLF, Horp DIKS 4 50k R f i 0.31% 5
DIKS5 441 g5 R 45 5 49 95.39% , D2K1 424 % 7
ZEAK N 68.37% , 1% D2K1 LAk, How 4% kb B4 4h
B BHRAAE 75% LA b0 J3HTRIAL, TCAHLA B E #E
H638S 454k BT iR 3 PR BRI it S0 R AT -
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*9 HEBS HEEATEFNERERLEN R EMBRERKBR (2016, HEmEKN)
Table 9 Effect of different dose gibberellin on single plant of H638S machine — direct seeded

with different heading rate (2016, Wugang, Hunan)

JLEL] oy 487 RS (em) TRZHESERE rd B (% ) IR (% )
D1 K1 109.70 £0.55 a 95. 58 1.48 £0.09 a 82.78 +1.07 be
K2 107. 56 +0. 96 ab 0.39+0.01 e 85.36 0. 74 be
K3 106. 71 +1. 88 abc 0.66 £0.06 cde 91.03 £0.87 a
K4 104. 81 +0. 86 abed 1.19 £0.05 ab 84.75 +£1.05 be
K5 103. 68 + 1. 85 bed 0.31+£0.01 e 95.39x1.15 a
D2 K1 106.49 +2. 12 abe 94. 03 0.72 £0. 04 bede 68.37+1.79 d
K2 106. 29 +0. 40 abc 0.43 £0.08 de 80.56 £1.66 ¢
K3 100. 64 +1.48 d 0.63 £0.01 cde 78.44 +1.33 ¢
K4 101.90 +1. 11 ed 0.56 £0.07 cde 86.19 £0. 94 be
K5 100. 16 £2.00 d 0.57 £0. 06 cde 84.09 £0. 60 be
D3 K1 108.42 +1.97 ab 95.57 0.62 +0.03 cde 86.39 +2. 10 be
K2 106. 51 +2.29 abc 0.81 £0.02 bed 81.89 £1. 10 be
K3 107. 64 £3.07 ab 1.01 £0. 10 abc 85.43 £1.43 be
K4 106. 41 +2. 04 abc 0.38+0.02 e 83.68 £0. 58 be
K5 102.32 +0. 64 cd 0.34+0.01 e 91.77 £2.80 a
2.2.5 ERANIETEANSTAEEAGRRA  JERE2 2oy, I Bl BE A 00 3% i 2 75 K &

AR AR 0 BOR

FERIR A, IR0 A N T8t 7R 25 25 I fe A B
AR AR 15% 245 & 10 A%, 4% 4b B
LIKI B2 55 B e i o 114.27 em, 12K5 382 55 5
Fef% 9 92.25 em, 3 N3] Ak B 4 BEZ 7 (9 5

PR AL PR LIK2 A 3000 i 5 o 2. 09% , 13K3
BRI N 0. 45% 5 5 A0 PR b L1K3 441 5 1
Tl N 85.60% , LIK2 4 Ab % R f ik M
53.06% o ZrAT AT, 25 7 5 A0 BAE AR K2 i
TR T K1 K3, 24 R K1 K3,

F10 FFEAHNBTEFNERSRLENRE TR RRE (2016, HFEERN)
Table 10 Effect of different dose gibberellin on single plant of Fengyuan A machine — transplanted

with different heading rate (2016, Wugang, Hunan)

b3 IS 44 FEJZ 1 (em) TZ B rd f Bk (% ) I ERER (% )
L1 K1 114.27 £1.51 a 92. 88 0. 88 £0. 02 bede 82.25+1.77 a
K2 103.16 £1. 37 cd 2.09+0.19 a 53.06+1.34 d
K3 101.57 £0.77 d 0.52+0.09 e 85.60+£0.93 a
K4 103.75 £0. 40 cd 1.35 0. 15 abed 73.23 £0.87 ¢
K5 95.69+1.19 e 0.84 £0. 07 bede 81.56 +0.78 a
L2 K1 113.06 £1.31 a 91. 46 0.56 =0. 08 bede 81.41 +0.78 a
K2 109.91 £0.40 b 0.72 £0. 09 cde 74.72 £0. 38 be
K3 105.84 +1.26 ¢ 0.57 £0.02 de 80. 80 +0. 94 ab
K4 96.56 +0.70 e 1.03 £0. 06 bede 73.02£0.73 ¢
K5 92.25+0.63 f 1.40 £0. 16 abe 75.87 £0. 69 be
L3 K1 111.68 £1.23 ab 92.93 0.71 £0. 02 cde 82.91+1.33 a
K2 109.25 £0.53 b 0.80 +£0. 05 bede 81.08 +1.43 a
K3 104.70 £1. 12 ¢ 0.45+0.08 e 85.48 +0.45 a
K4 96.70 +1.35 e 0.71 £0. 01 cde 82.91+1.38 a
K5 95.35 +1.41 ef 1.53 £0. 10 ab 72.99 £1.94 ¢
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226 FRAMAFBTEANZREZTLEZNYTR
AR R AR ROR

FIE 11 AR, A5 AR B M3KT B 1 B i
107. 22 em, M3K5 F#JZ2 5 B B A A 88. 37 em,3 M5
AR PR R BE B STREARAE 93 ZiAy, Rl
B I T R A B 45 b B M3K2 4 S0RE

RIKE N 4.99% , M1K4 4350k R AK K 1. 36% ;
FAL I MIKS 4 A g AR i hy 73. 71% , M3K4
AHNETRIAR N 38.44% o A3 AT RS0, M3 5 M2
ARFRAEFIRE A K2 I 800k7 %6 5 F K1 K3, &40
FERALT K1 K3,

®11 FEANEBTEFAEFRSEZLENTEHERBRIR (2016, HEHRKN )
Table 11 Effect of different dose gibberellin on single plant of Fengyuan A machinical direct seeded

with different heading rate (2016, Wugang, Hunan)

Ab T i 44 FZ B (em) MZ BT rd F R (% ) IR (%)
M1 K1 99.45 £0. 80 be 93.28 2.99 +0. 80 bede 45.55 £4.32 bed
K2 101.20£1.19 b 1.88+£0.55 e 63. 07 £10. 33 abc
K3 98.06 £1.19 cd 2.46 +0.69 de 53.48 £6. 81 abed
K4 95.99 +1.25 de 1.36 £0.37 e 72.49 £6.33 a
K5 92.73 £0.61 f 1.52£0.41 e 73.71£2.83 a
M2 K1 105.07 +£1.51 a 94.24 1.75+£0.57 e 57.61 +£5.24 abed
K2 98.99 = 1. 11 bed 4.09 =0. 23 abed 45.28 +3.22 bed
K3 98.23 1. 12 bed 1.78 £0.69 e 58.10 £12. 65 abed
K4 91.87 £0.30 f 1.78 £0.53 ¢ 54.75 £1.25 abed
K5 91.64 £0.45 f 1.67+£0.37 e 65.27 £5.30 ab
M3 K1 107.22 +0.87 a 92.95 2.07+0.15 e 47.22 £1.39 bed
K2 97.89 £1.20 cd 4.99+1.42 a 44.03 £10.25 cd
K3 98.75 £1.02 bed 2.59 +0.33 cde 46. 68 £7. 82 bed
K4 94.57 £1.05 ef 4.43 £0. 58 abc 38.44 £10.21 d
K5 88.37+1.40 g 4.84 £1.00 ab 41.03 £5.11d
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