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Abstract: [Objective] To address the issues of poor seedling establishment and uneven population growth in direct-
seeded rice in southern China, caused by rice seeds are sown on the soil surface after mechanized direct seeding and are
subsequently affected by climatic and ecological conditions. [Methods] Based on the principle of simultaneous coverage
of rice seeds with powdered organic materials, theoretical analysis of a cam-plate metering and application device was
conducted. The key parameters of the cam, discharge rotor, material push plate, and discharge apparatus were determined,
and a powdered organic material discharge apparatus was designed. Bench tests were carried out. A prototype rice direct
seeder with simultaneous powdered organic material coverage was fabricated, and its field performance was validated
through field experiments. [Results] The results showed that for the powdered organic materials [organic fertilizer,
seedling nursery substrate, nutrient soil A, and nutrient soil B (a 2:1 mixture of nutrient soil A and organic fertilizer)], the
coefficient of variation for application rate was below 7.80% at rotational speeds of 33—118 r/min, indicating good
application stability. Due to the characteristics of the materials, the coverage thickness gradually decreased with increasing
rotational speed, but remained stable. When applying the seedling nursery substrate, the coefficient of variation for
coverage thickness fluctuated within a relatively large range of 9.41%—18.67%. When applying organic fertilizer, nutrient
soil A, and nutrient soil B, the coefficient of variation for coverage thickness was below 15% in all cases, meeting the
agronomic requirements for simultaneous coverage of rice seeds with powdered organic materials. Regression equations
for coverage thickness were established, all with fitting degrees exceeding 0.95. Field experiment results showed that for
the rice varieties Zhongjiazao 17 and Wufengyou 286, the average emergence rates under the coverage treatment increased
by 19.59% and 22.65%, respectively, compared with the non-covered treatment. [Conclusion] This apparatus improves
the mechanized level of rice cultivation and provide a reference for the design of complete rice direct seeding machines
with simultaneous powdered organic material coverage.
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1, Furrow opening and ridging bottom plate; 2, Riding rice transplanter power chassis; 3, Guide tube; 4, Fan; 5, One-device dual-row powdered organic material

application device; 6, Bearing; 7, Stirring blade shaft; 8, Convex plate; 9, Stirring shaft; 10, Application device rotating shaft; 11, Application device mounting

frame; 12, Transmission system; 13, U-shaped pipe clamp; 14, Rice hill-direct seeding device; 15, Guide tube fixing frame.
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Fig. 1. Rice direct seeding machine with synchronous mulching of powdery organic materials
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Physical view of discharge device
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1, Upper housing; 2, Discharge rotor; 3, Intermediate shaft; 4, Material pusher plate; 5, Pin; 6, Cleaning scraper; 7, Air duct housing pin; 8, Air duct housing; 9,
Spring; 10, Lower housing; 11, Latch; 12, Cam; 13, Air duct; 14, Latch pin; 15, Brush; 16, Discharge plate.
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Fig. 2. Structure of a double-row powdery organic material apparatus
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Fig. 4. Gross-section of seed groove
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Fig. 5. Discharging wheel
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Fig. 6. Pushing plate
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Fig. 8. Flow diagram of air assisted conveying
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1, Discharge device; 2, Material hopper; 3, Driving motor; 4, Fan; 5, Control

system; 6, Test soil bin.
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Fig. 9. Experimental bench of powdered organic material
discharging apparatus
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Table 1. Rotation speed of the discharging apparatus at different forwarding speeds and mulching depths r/min
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Fig. 11. Actual mulching depth of seedling substrate and coefficient of variation under different parameters
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Fig. 12. Actual mulching depth and coefficient of variation of organic fertilizer under different parameters
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Fig. 13. Actual mulching depth and coefficient of variation of nutrient soil A under different parameters
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Fig. 14. Actual mulching depth and coefficient of variation of nutrient soil B under different parameters
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Fig. 16. Effects of field operation and demonstration
R BN HAEBEZEESENERERBESHER
Table 2. Field mulching depth and seedling emergence rate with discharging seedling substrate
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%ﬁﬁf#% :Fi’/]E%E}E 3% .17 Zhongjiazao 17 : ) ﬂﬂiﬁéz% Wufengyou 286
Sampling point Mulching depth(mm)
X BECK 7 75 Mulching X BECK 7 75 Mulching
1 5.10 63.27 83.67 68.37 89.80
2 5.05 59.18 80.61 65.31 93.88
3 4.99 67.35 85.71 67.35 92.86
4 4.84 56.12 85.71 75.51 88.78
5 4.81 73.47 81.63 63.27 87.76
YJ{E Mean 63.88 83.47 67.96 90.61
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