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Design and Experiment of Layered Near-root Liquid Manure Fertilization Shovel
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(1. Institute of Energy and Environmental Protection, Academy of Agricultural Planning and Engineering,
Ministry of Agriculture and Rural Affairs, Beijing 100125, China
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Minisiry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: In response to the current issues of the uneven application, difficulty in near-root application
limited operational functionality in liquid manure fertilizer shovel, a layered near-root and basic
application of the liquid manure fertilizer shovel tracking the integration of the fertilizer was designed from
the perspective of improving fertilizer efficiency, reducing emissions, and improving the performance.
Fertilizer, obstacle avoidance device and other key components were developed. The fertilizer shovel —
soil mechanics simulation model was designed by using EDEM discrete elements to optimize the
parameters of the lateral discharge pipe of the fertilizer shovel during the follow-up application process,
and to build the performance test platform of the fertilizer shovel. Fertilizer shovel layered fertilization and
the effect of near-root fertilization were tested by clear water simulation method. The results showed that
when the backward inclination angle of the lateral discharge pipe of the fertilizer shovel was 15°,and the
cutting edge angle of the lateral discharge pipe was 18°,the resistance of fertilizer shovel basal fertilizer
operation was the minimal. With the layered fertilizer application, when the operating speed of the
fertilizer shovel was 3 km/h and the discharge volume was 5 L/s,the longitudinal spreading depth of the
fertilizer in the soil was 235 mm, which was 65% higher than that of the pre-improvement single-port
fertilizer discharge method. When the fertilizer shovel was operated at a speed of 1.2 km/h and a
discharge rate of 3 L/s, the fertilizer was distributed within a radius of 100 mm from the center of the crop
root by about 80% effectively achieving near-root fertilization.
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Fig.3 Fertilizer shovel operation diagrams
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Tab.1 Liquid manure fertilization shovel

operation project
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operation resistance
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Fig. 12 Experiment equipment
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Fig. 13 Schematic of fertilizer longitudinal diffusion

depth measurement
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Fig. 14 Schematic of measurement of distance between

center of fertilizer diffusion and center of crop roots
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Tab.6 Fertilizer longitudinal depth of cover test results

mm
T it I T A HEAE R/ (Les™1)
J/(km+h 1) 3 5
3 67 +3.29 83 +4.76
-
B 5 61 +3.18 71 +1.18
3 190 £ 10 235 £ 13. 42
.
RIS 5 171 £8.94 201 £3.32

(a) SOHERT (b) Bittim

15 AEARHE 100 ~300 mm B2 43 iR 7S
Fig. 15 Fertilizer distribution in 100 ~ 300 mm tillage layer
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Tab.7 Coverage area of fertilizer at 100 mm from
2

center of crop root mm
AT AR L AR HEAE/ (Les ™)
FA B/ (kmehh) 1 3
o 1.2 6426 +869. 64 10 551 +500. 40
BT

3.2 5821 £886.45 9541 +1821.63
G 1.2 8803 £1191.28 15074 +714.85
o 3.2 7462 +1136.47 12894 +£2461.67
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Tab.8 Fertilizer shovel trenching depth test results

mm
W 2
Wl X =
1 2 3 4 5
1 200 195 209 190 196
2 209 200 218 209 204
3 198 212 209 203 214
4 191 190 204 191 196
5 211 207 200 208 203
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