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Pollen distribution of pneumatic and collision combined
pollination forhybrid rice breeding
Li Zhonggiu®, Tang Chuzhou'?", Li Ming™?, Luo Haifeng™?

(1.College of Engineer Hunan Agricultural University, Changsha 410128, China; 2.Hunan Provincial Engineering
Technology Research Center for Modern Agricultural Equipment, Changsha 410128, China)

Abstract: Pollination is an important part during hybrid rice seed production. Uniform and sufficient pollination has
significant meaning for improving seed setting rate and seed production. To study the effect of pollen distribution
bypneumatic and collision combined pollinationon hybrid rice breeding, a pneumatic and collision combined pollination
test apparatus was designed by introducingthe air waft mechanismto the collision pollinationtest device. By using the jet
pipe placed relative percentage, airflow velocity of nozzle, airflow tilt angle, nozzle diameter, nozzle hole center distance
as influence factors, five factors and four levels of multi-factor orthogonal experiment were performed to validate the
effect of various factors on pollination uniformity. Using effective distribution area ratio, mean density and non-uniform
degree of pollen distribution as three evaluation indexs, analyzing the test results by range analysis, variance analysis and
matrix analysis. The order of the five influence factors is airflow speed, relative position of jet pipe placed, center
distanceof nozzle hole, airflow inclined angle, nozzle hole diameter, respectively. The optimal combination of the factors
forpneumatic and collision combined pollination in hybrid rice breeding areairflow speed of 6 m/s, jet pipe placed above
collision rod of 10 cm, nozzle hole’ center distance of 25 mm, airflow inclined angle up to 20°, and nozzle hole diameter
of 8 mm. Compared with single pneumatic pollination and single collision pollination, the combined pollination
obviously improve the effective distribution area ratio of the pollens as well as a significant reduction in the degree of
uneven distribution of pollen and the better propagation characteristics of pollens.
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Fig.1 The sketch of test device for pneumatic and collision combined pollination
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Table 1 Factors code table a 2
b.
Alcm  B/(m:s™) C/(°) D/mm E/mm 1<i<24 I
1 10 2 200 6 100 T
) 5 . 100 B 50 Matlab Surf
3 5 6 0° 10 40
4 10 8 50 12 25 Spss  Matlab
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40 cm 2.1 EXIRIELER
2
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Table 2 Protocol and result of orthogonal experiment
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Fig.2 Pollen distribution under different treatments
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Table 3 Horizontal distribution of pollens under different treatments
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Table 5 Extreme deviation with the distribution area range ratio
A B C D E
11 Ky 216.67 208.33 19167 19583  104.17
9 K, 91.67 129.17 170.83 179.17 204.17
Ks 187.50  200.00 179.17 120.83  166.67
Ka 170.83 129.17 125.00 170.83  191.67
Ky 54.17 52.08 47.92 48.96 26.04
ka 22.92 32.29 42.71 44,79 51.04
0.2 ks 46.88  50.00 4479 3021 4167
Ks 42.71 32.29 31.25 42.71 47.92
4 31.25 19.79 16.67 18.75 25.00
AlEzBlchl
x4 ARAEHNEMHEELT
Table 4 Vertical distribution of pollens under different treatments Y2
6 Y2
/ 1% /
1 1.2 X424 45.7 39
2 0.8 X3Z3 XsZ3 XsZs4 XsZg 62.9 46
316 Xz 74.1 46 B1A1C5E,Dy 2m/s
4 18 Xsip 48.6 59 10 cm 0° 12 mm
5 0.6 Xsz 429 20 50 mm
6 08 Xsz 17.1 14 y .
o #6 MIEMSTEENRE
7 1.0 Xz 57.1 43
Table 6 Extreme deviation with the mean pollen density
8 0.6 XiZs X421 XgZ1 28.6 17
A B C D E
9 0.8  Xi1Zg XoZs XoZg XsZ 87.5 43
176 Tofs T2te 7eTs K, 1238 1555 1164 1043 875
10 12 Xyz3 65.7 35
Ka 6.71 7.27 6.88 8.39 12.31
11 1.0  XoZy XsZy 77.1 55
Ks 8.45 10.03 11.84 8.61 8.05
12 0.8 XsZ3 57.6 29
Ky 11.13 5.82 8.31 11.24 9.56
13 0.8 XszZg 25.7 16
kq 3.10 3.89 291 2.61 2.19
14 0.6 XsZ3 14.3 13
ka 1.68 1.82 1.72 2.10 3.08
15 0.6 XiZ3 51.4 24
ks 211 251 2.96 2.15 2.01
16 0.8 XsZg 48.6 25
Kq 2.78 1.46 2.08 2.81 2.39
4 4 1.42 2.43 1.24 071 1.07
1.8 B1ACsE,Ds
5 2 9
Y3 7
0.8 N N
RT7T OB RHEERREST
1 6 2 5 Table 7 Extreme deviation with pollen non-uniform distribution
6 5 5 A B C D E
e K1 43.03 93.24 48.04 62.60 38.66
23 EXREERMIRES T
WERE L K, 1537 2229 3070 2074  63.97
Y1 5 Ks 54.50 24.83 67.79 31.64 40.16
5 Y1 Ks 58.51 31.05 24.88 56.43 28.62
Ky 10.76 23.31 12.01 15.65 9.67
ka 3.84 5.57 7.68 5.19 15.99
ks 13.63 6.21 16.95 7.91 10.04
A1E2B1D;Cy 10cm ke 1463 776 622 1411 7.6
50 mm 2 mls 6 1079 1774 1073 1047 8.84
mm 20° B1A4C3D; B2
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Table 8 The variance analysis with the effective distribution area ratio 1
F P Y2 Y3
A 714.648 1.988 0.170 i
B 471.641 1.122 0.379 * Matlab
C 211.204 0.435 0.732 atlal
D 260.333 0.550 0.657 4 11
E 474.729 1.194 0.354 *
Y2 R RBEENRE
9 Table 11 Weight of test factors
A B C D E
1 0.084 0.085 0.053 0.045 0.044
2 0.065 0.076 0.050 0.058 0.062
£9 HMEHSHSENHESH 3 0.068 0.091 0.049 0.041 0.054
Table 9 The variance analysis with the mean density 4 0.068 0.062 0.051 0.043 0.065
F P 0.285 0.314 0.203 0.187 0.225
A 1.644 0.879 0.479 *
B 4.607 4.080 0.033 il
Cc 1.519 0.799 0.518 Ay B
D 0.484 0.224 0.878
E 0.871 0.422 0.741 C1 D>
E4 5
Y3
10
AB3C1D,E4
. N 10 cm
# 10 EMTEHLRBEAENHTESHT
o
Table 10 The variance analysis of the pollen non-uniform degree 6 m/s 20 8 mm
F P 25 mm
A 94.678 0.709 0.565
B 285.486 3.328 0.056 o 2.6 HEAEMEE—IZMAXH LS
C 93.290 0.697 0.572
D 99.083 0.748 0.544
E 56.112 0.392 0.761 [5-10] Y1 58%
61.25% Va 7.4
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