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Structure Optimization and Experiment of Corn Layered Fertilization Device
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Abstract; The layered fertilization technology could apply the fertilizer required for the entire growth of
corn into the soil in specific ratio, which can not only improve the utilization rate of fertilizer, but also
reduce operating procedures, improve operating efficiency, save input and increase efficiency. Aiming at
the problems of non-obviously effect of fertilizer layering and difficult-controlling for amount of fertilizer in
each layer, which because of the large ditch width and poor soil returning effect, a spatial layered
fertilization device with adjustable fertilizer amount in each layer was designed. A semi-enclosed seed
distribution was formed in the soil by using this kind of device. The basic structural parameters of the
spatial layered fertilization device and the main factors that affected the movement of fertilizer particles in
the layered fertilization device was obtained through theoretical analysis and design calculations. The
discrete element method was used to simulate the working process of the layered fertilization device. The
front-end width, rear-end width and installation angle of fertilization adjustment piece was selected as test
factors, and the amount of fertilizer discharged of the upper and middle fertilizer outlets was taken as the
experiment indicators for a quadratic-regression orthogonal combination simulation test. A regression
model of experiment index was established and influencing factors were obtained. The simulation results
showed that the fertilizer application ratio of the upper, middle and lower three-layer fertilizer outlets was

the best fertilization ratio as 3:3:4, while the front-end width of the fertilization adjustment piece, rear-
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end width and installation angle was 3. 61 mm, 21.52 mm and 43.23°, respectively. In order to verify

the results of the simulation analysis, the prototype performance test of the spatial layered fertilization

device was carried out at different operating speeds and fertilization amounts. The test results showed that

the spatial layered fertilization device could meet the target fertilization ratio of each layer. The coefficient

of variation of fertilizer amount of each layer at different operating speeds and fertilization amounts, depth

error of each layer and the horizontal distance error of each layer was within 4. 3% ,

10 mm and 6 mm,

respectively. The field experiment also showed a stable working performance by using spatial layered

fertilization device.

Key words: corn; layered fertilization device; structure optimization
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Fig.2  Structural schematic of layered fertilizer applicator
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Fig.3  Structural schematic of adjustable layered fertilization device
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fertilization device
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Tab.4 Variance analysis of amount of fertilizer discharged from upper and middle fertilizer outlets
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c 1382.53/1382.53 1/1 1382.53/1382.53 37.17/42. 50 <0.000 1"/ <0.000 1
AB 221.76/221.76 1/1 221.76/221.76 5.96/6.82 0.029 7 **/0.018 9 **
AC 1.57 1 1.57 0. 042 0.840 6
L JEHERR 11 R BC 7.84 1 7.84 0.21 0.6537

A2 205. 10/204. 06 1/1 205. 10/204. 06 5.51/6.27 0. 0353 */0.023 5 *

B? 154.05/153. 15 1/1 154.05/153. 15 4.14/4.71 0.0627% /0.045 4 *

c? 27. 66 1 27. 66 0.74 0.404 1

B 24 483. 47/520. 54 13/16 37.19/32.53
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B 3462.94/3 462. 94 1/1 3462.94/3462.94  185.75/188.14  <0.000 1 ***/ <0.000 1 ***
c 868.49/868. 49 1/1 868. 49/868. 49 46.58/47.19 <0.000 1"/ <0.000 1 **
AB 132. 84/132. 85 1/1 132. 84/132. 85 7.13/7.22 0.0193 */0.016 2 *
AC 23.12 1 23.12 1.24 0.2856

2 HERE 11 e BC 27.98 1 27.98 1. 50 0.2423
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c? 1.03 1 1.03 0. 055 0.8175

i 242.36/294. 49 13/16 18.64/18. 41

2 35 66.16/118.29 5/8 13.23/14.79 0. 60/0. 67 0.702 1/0.706 9
SR 7 843.04/7 843. 04 22/22

/7R B MR A B R G T 223 M 3 5 s FOR MR35 (P <0.01) , = FIR 2 (0. 01 <P <0.05) , = FARE WL #H (0.05<P <

0.1),
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Fig. 10  Experiment on fertilizer distribution

performance of each layer

x5 BEERELLE

Tab.5 Proportion of amount of fertilizer discharged in each layer %
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(zfi; iR - AR - Tl EREMK
L2 28. 47 31.26 30. 74 29. 44 31.41 30. 26 4.2
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H a6 45 2L AT A, A AR b R A (] it AE 2 A (7]
I3 2 HEAE 1 S B 9 He AR AR R, rh 2 HEIE E i
MEARAS S AR BN T HAL 2 2, B2 HEAE 11 i JIE 4 28 S
FRUR 52 RS 5 R0 4.3% i R HEIE 2L
Ko AEMENVERE AR [R] e AE AN [R] I, 3 2 HEAE 11 i HE
1 FU IS A BN Bt AE 2 38 0, 2% = HRAE 11 i E
AR R W NES BN 3.0% o XTI R
I AE AR M3 BE AN [ EHE 2 26 1R, 25 1) 232 i
HEZ A5 JZHEAE F R AT L AT 2 3 3¢ 4R IE L 2K
4.3.2  p)zHtEMERE AR

o 6 UE A5 [ 3 2 it FE 2K B T it AE A e, 2 B

RIS 414 R 0 R 52 UG B 4L B B
VEH 3 A A 4 16 300 T S 1 - (R 10,
5 TR A G ST A % 4% 2 A £ 1 85 C
M R IR PR ) TR 46
SUNH 6 BTk . 2RI A, 25 ] 4 S A 4
FE AR 11 HE A0 I 5 4 A 76 B Hb % 60. 6 ~
68. 7 mm 22 [, o2 HEAE 11 HE 0 Rk 3 B4 A 2
1321 ~139.2 mm 2 [, F 2 HEAE 114 H A0 RE
TEAMATLE 194.2 ~ 198, 4 mm 2 [6] , 5 5+ 19 i G
BEE (60,130,200 mm) A1 2% 10 mm L ; |2 5
pZHERE CURE D BE B 7E 13,6 ~ 16,4 mm 2 ], 2

22
73
o



B

P DRB 45 EOR A A o3 )2 AR A B A5 A AL 1E 5 e 183

5 2 HEE DB 1 BB AE 31,3 ~36.4 mm Z[A], 5
PO PR (15 .35 mm) A1 22 6 mm DIN . )2
JEE Ay BB T RERZ, LR R,
K B R

e S PR oK AR, BRI Rl 96% , %
RORLAE A 3. 66 mm, JER} S Ji A [] L 4 3R 1 2 L
SAETE—E 25 5, Hovp BT R SURL BR Y 6 0 45 R0RL 12
X e HENE A BRI AR R, ORI LA K R
HIE 5 ZAC AR L, 45 3504 B R FE AR A R], =l R
SPRIERIE B AE SR 22 (A AE 10% LA, PR I IE L
F I A2 X L =R O Rl [ B = o G A

T 51U P T AE e A AR AR 3T A A AT R

iy

F1L oy R AR RO

Fig. 11  Effect picture of layered fertilization

5 it

(1) Bt 17— Fh T oK =5 8] 73 J2 it HE 24 B, ml e
JE kAt 2 TR 1 60 ~200 mm, it IE BE 1) 5 F 9 95, E
H R R AEAREAT ik B B R A L ] 3¢ 3+ 4, HARRLA 1
BRI 0 AT A G AP EARR AT R K

(2) iz B BTk R T HCRLT ¥& o 7 b iz
SRUAL, 23 HT A RGN I 35 2 T, 452 IR
IrBERCR SR RE S e % A A ik 0, Bl T A e

6 BEEMEESH

Tab.6 Fertilizer location distribution in each layer

mm
a5y %4 ) Jiti B 4/ (kg-hm ~2)
(km-h™") Ik 5 350 550g 750

LRI 62.5 65. 4 66.2
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