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Design and Experiment of Layered Fertilization Device with
Inter-fertilizer Soil-covering

ZHAO Hongbo'> LI Xianghui'® ZHANG Yizhe'” DANG Lihua'? HUANG Yuxiang'”® YAN Xiaoli'”’
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract; Aiming to address the issues of unstable fertilization depth and indistinct stratification effects in
existing maize layered fertilization systems, an inter-fertilizer soil-covering layered fertilization device was
developed. Based on theoretical analysis, the fundamental structural parameters of the device were
determined, and the primary factors affecting the soil-covering performance were identified as the
installation angle, inclination angle, and width of the soil-covering plate. The working process of the
device was analyzed by using the discrete element method (DEM). Taking the average depth of shallow-
layer fertilizer and the resistance of the soil-covering plate as evaluation indices, a quadratic orthogonal
rotational combination simulation experiment was conducted. A regression model was established to
optimize the structural parameters. The optimal parameter combination was obtained as follows:
inclination angle of the soil-covering plate was 29.93° installation angle was 11.40°, and plate width
was 31. 40 mm. Soil bin experiments were further carried out at different forward speeds and fertilizer
application rates to evaluate the performance of the proposed device. The results showed that the
fertilization depth and its coefficient of variation under various operating conditions satisfied agronomic
requirements. Compared with a conventional layered fertilization device, the coefficients of variation of
shallow-layer and deep-layer fertilization depths were reduced by 2.64 and 5.98 percentage points,
respectively, indicating an improved stratification effect. Field experiments were conducted to further
validate the practical performance of the device. The results demonstrated that the coefficients of variation

of both shallow-layer and deep-layer fertilization depths were less than 10% , meeting the requirements of

Wi H 3 . 2026 —03 =23 &8l H 3] . 2026 — 03 —25

ESWB : BRI E AR — B H (2023 - YBNY —226 ) FIEE P4 48 5 83 BF 4 1) 5 23 55 H (2024 PT - ZCK - 52)
TEHER N B2 (1990—) Bl #sz 4, EENFH RER A 58 GE2E &5, E-mail: zhaohb@ nwafu. edu. cn
BIEMEE: B/ (1969—) , 4o, Bl 2%, 2N F AL AR 52 & 075, E-mail; yx19212@ nwsuaf. edu. cn



%113

B SF e R ORNTIR] m b2y 2 AT A B e i 5 1 187

relevant industry standards. In summary, the proposed inter-fertilizer soil-covering layered fertilization

device effectively enhanced the stability of fertilization depth and improved the layered fertilization

performance, providing a reliable technical approach for precision fertilization in maize production.

Key words: maize; layered fertilization; inter-fertilizer soil-covering; soil-covering plate; discrete

element method
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Fig. 1 Structure and schematics of layered fertilization
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Fig.4 Vector field of soil particle velocities in discrete

element work
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Fig.5 Effect of slope angle on shallow fertilizer

depth and coefficient of variation
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Tab.2 Experimental factors and coding

H#
Gt iy . . -
AR/ (°) M/ (°) & & /mm
1. 682 40. 00 25.00 40. 00
1 35.95 20. 95 35.95
0 30. 00 15. 00 30. 00
-1 24. 05 9.05 24.05
-1.682 20. 00 5.00 20. 00

T AR T kG B 45 R, R H Design-Expert K 4
Wit AR 22 8 DL R Inl = i 58 3 oy [ AR i
B2 IR TR EE Y, LA R AT AR BE F7 Y, A i
S5 RIF R g K 3t A B.C 3 I AR 2%

®3 BREARERBER
Tab.3 Test plan and test results

JR e = A B C Y,/mm Y,/N
1 -1 -1 1 98.92 168. 34
2 -1 1 1 95.37 143.72
3 1 1 1 92.85 124.85
4 1.682 0 0 94.63 117.91
5 0 0 0 96. 02 154.02
6 1 -1 1 97.28 138. 67
7 0 0 0 99.98 156. 98
8 -1 1 -1 102. 34 175. 63
9 0 0 0 102. 07 153. 82
10 0 0 1. 682 96. 45 141.25
11 -1 -1 -1 104. 25 192. 06
12 0 0 0 100. 01 147.17
13 0 0 0 97.99 151.35
14 0 0 -1.682 103.70 166. 84
15 0 0 0 103.03 154. 09
16 0 —1.682 0 105. 54 181.23
17 1 -1 -1 98. 86 162. 74
18 -1.682 0 0 102. 45 169. 58
19 1 1 -1 95.92 133.57
20 0 1. 682 0 94.51 137.95
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0.7326A4% —=0.216 4B> —-0.1899C>  (10)
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Tab.4 ANOVA of shallow fertilizer depth and

variance of soil-covering plate resistance

WH ARREE CFHM BEE ¥ F P
i 213.35 9 23.71 4.96 0.0099 "

62. 10 1 62.10 12.98 0.004 8 ***
B 71. 87 1 71.87 15.02 0.0031***
c 62. 19 1 62.19 13.00 0.004 8 ***
AB 0. 46 1 0.46 0.10  0.7639
AC 7.32 1 7.32  1.53  0.2445
EIENE BC 1.22 1 .22 0.26 0.6239
BHR A? 7.73 1 7.73  1.62 0.2323
B? 0.68 1 0.68 0.14 0.7151
c? 0.52 1 0.52  0.11 0.748 5
%2 47.84 10 4.78
KA 14.94 5 2.99  0.45 0.796 8

aipR % 32.91 5 6.58
BAES 261.19 19

BB 6534.05 9 726.01 35.74 <0.0001
A 3132.04 1 3132.04154.19 <0.000 1 ***
B 1800.93 1 1800.93 88.66 <0.0001***
C  1265.37 1 1265.37 62.30 <0.000 1"
AB  0.4705 1 0.4705 0.02  0.8821
AC 65.21 1 65.21 3.21 0.103 4
44  BC 6.41 1 6.41 0.32  0.5867
B 3 A? 105.68 1 105.68 5.20 0.0457*
B? 120.71 1 120.71 5.94 0.0350*
c? 12. 56 1 12.56  0.62  0.4498
Bk 203.12 10 20.31
KT 147.72 5 29.54 2.67  0.1528

iR 55.40 5 11.08
MASE 6737.17 19

Hoowws RAWEBZE(P<0.01), % £, 8 %(0.01<P<
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G Epy

Y, =152.85 - 15. 144 - 11.48B -9. 63C -

0.242 5AB +2.85AC - 0. 895 0BC -
2.71A% +2.89B% -0.9337C* (11)
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