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Abstract; Corn is the most important food in China, which has the vital significance in ensuring food
security and economic development. The work of topdressing is the important part in the process of corn
production. The fertilizer management can effectively improve crop yield at the middle and later stage of
maize growth, which can also increase the comprehensive benefit of corn production. However, the
current topdressing work of corn is most performed by artificial fertilization. The uniformity of artificial
fertilization is worse and the topdressing efficiency is lower, which can be improved by the mechanized
fertilizer. So, the mechanized fertilizer would be in urgent need of development. According to the
agronomic characteristics of corn layered fertilization, the centralized and pneumatic conveying fertilizer
applicator was designed. The fertilizer machine was mainly composed of multi-line concentration
distributing device, pneumatic conveying device, control system of fertilization and layered fertilizing
device, which can realize long-range and wide-range rapid fertilization. Theoretical analysis and
structural parameters of the key components were conducted. The software of control system and the
interface of human-machine interaction were developed. The whole fertilizer applicator was assembled
completely at last. In order to check the working performance of topdressing machinery, experimental
tests concerning the consistency of fertilizer discharge, fertilization accuracy, and depth of fertilization
between rows were conducted. Based on the prototype of fertilizer applicator, the tests were carried out

according to relevant standards at Malan Farm in Shijiazhuang City of China in July 2019. During the
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experiment, a 51.5 kW tractor was selected as the only power. Granular urea was used as test fertilizer.
The experimental results showed that the rotating speed of fertilization wheel had less influence on the
consistency of fertilizer quantity among each row. The difference of fertilizer quantity consistency between
the deep and shallow fertilization was small at the same speed of fertilization wheel. And the fertilizer
quantity was stable and uniform. The variation coefficient of fertilizer quantity consistency was reduced
with the increase of rotational speed. And the maximum variation coefficient was 2. 64% . With the
increase of forward speed, the precision of fertilizer quantity was reduced to 95. 42% . And the minimum
average depth of deep fertilization of 11. 04 cm remained stable with the variation coefficient being less
than 5. 35% , while the stability of depth for shallow fertilization was reduced with the minimum of 6. 9 cm
and the coefficient of variation reached 9.36% . The results indicated that the fertilizer applicator
designed can meet the standard requirement of maize topdressing machinery better.

Key words: corn; fertilizer applicator; centralized fertilization; pneumatic conveying fertilizer; layered
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Tab.1 Main technical parameters of fertilizer applicator
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e R TAE IR 58/ m 3.6
it EAT %% 6
RIZ AL R EE/ em 10 ~ 12
)2 it B R B/ em 6~8

1.2 TiERE

B BEALMCR: A 43. 8 kW L EHi fu HLAE S T4
g7y i F s 247 8 HE 0 % Oy 2R AT it AR A
Ao i BB TAEFF AR R, i it IR 4 1 5 52 AR A 1R
SR BOE AR IR TE L H AniB I & GRR 2 I8 S A G
ZH,FTTE KBLAE 50 JIE 2R 40 7= A e 1 ST, PRIE T
S FLAE P BE R} BE 6% 4500 ) i % 2 i T AL A
Jit A A JF 4 BsF A o B3R Sl I AR 6 2 47 HE A,
JIES E AL 3 m] [ 3 N AL AR TR S B AR Ak, SR R AT
FIERE 525 (98 A HE A IR R IR A SC e BB 25 V5 IR
F1Ab , 3C e BLBERE S8 FERE 0T 7E SR VE R P A Fa
(4 B, B A5 (1 SRk T ) W A i S 253 1 TS A 7
NEAE 18 H 22 4 T Bl <0 I 2 3l 2% i e ML AL A,
T RE YA Y, 58 BB AR 1R . 18 AR LR 2
Jit A 3 1ot 1 5 it S 2% 5 A, VR 2 3 R Ak o
B A5, 75 B KA AR M3 p, (10 ~ 15 em) Ak ) 5 —
FURBE hy (10 ~ 12 em ) (1 36 18 A7 G AE , B 1 0k
/38 AL B it FIES B - 8 b it FIES 457 7= A A BEL 7, R I
HERLHLZ) T3 RE TR Z B AEAE L R L L Ui, 5 it
HE R, 75 5 FORMEERE B p, 4 15 ~ 18 em FLITIE
JE hy Ry 6 ~8 em Ab AT i HE , it JE R R 2 Al
JRER R E B 2 iR, Hod DOl EOR KRR AT )

EEO

2 3
7 \\\ ?;;5 7 /ﬂi‘é

>, A

.

R

B2 RO 2 A b 2

Fig.2 Schematic of layered fertilization for corn
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Block diagram of control system for

fertilizer applicator
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15.1 %2 443.33  448.17  420.83  418.51  429.83  422.67 430. 56 11.37 2.64
T2 703.67  711.33  672.83  690.52  714.85  704.83 699. 67 14.22 2.03
24.8 ®E2 715.05  720.51 702.83  691.83  707.33  696.33 705. 65 9.98 1.41
w2 932.25  950.32  913.83  925.33  954.23  924.83 933.47 14.39 1.54
34.3 %R 943.51 953.55  926.83  924.17  937.56  948.72 935.72 10. 78 1.15

BN 2. 64% HENE B L BARE o
3.2.2 i AEE ER R I

il S 5 Tfy R RE 6% S 8 A AL B TH 8] 368 HE AR Al
ARG E TR BE , J2 FHT[A] S8 HE 71 b 4% X 3808 AE — 2otk /9
PRIUE . oA 536 AEAE PL G AL 2 20 P 6E , 2019 4E 7 A
W) LA A T S 22 R AT AR
HH B BT B 6 000 m” , i 9 € R FiT 5 A0 466 43 1L 3k
11T ERFEF FEFATIE R 60 em , 38 IEAEHL R b 5 A&
b REZHE 4 BRI T AP O BE B 2FQS — 6 B K
Sy JZIBREAL, FH R AL 56 AR 18] 13 FT 7R o

B 13 st R i g

Fig. 13 Experimental scene of fertilization quantity accuracy
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Tab.3 Statistical results of fertilization quantity accuracy

Mk E,  HEE BROE M AE A H A i g St it Jite JIES iR
(km-h™1) e (kg-hm™?) 1 2 3 4 5 6 EH/g  HMiEE/g  R2E/g %
W2 150 879.17 900.12 871.67 862.53 909.15 896.67 5319.31 5397.30  77.99 98.56
34 w2 150 875.83 903.32 882.51 902.55 923.04 905.16 5392.41 5397.30 4.89 99.91
= 150 862.15 879.17 857.51 853.83 885.84 853.55 5192.05 5397.30  205.25 96. 20
>3 w2 150 867.85 886.83 854.52 865.83 897.50 864.51 5237.04 5397.30  160.26 97. 03
w2 150 833.55 879.17 852.67 829.83 886.64 868.35 5150.21 5397.30  247.09 95.42
72 %2 150 841.16 864.32 860.83 848.12 885.17 873.33 5172.93 5397.30  224.37 95. 84

FEPEAT 20 I it E R

m AT YR B i 3L AT
7, 0 R 5 Ak B R

J RS ] 14
AP,

o2 4 Al i, AEE MVl 3 % A I 7.2 km/h
I, R R i I TR R ¥ L it TE 5 R, IR R
T 29 ot N R JE 52 3 JEE R TR /0N, T JRE - 3 A e /)
1104 em, RIS RBOA I S. 35% 5% 4L
IRt NS TR B V- 249 (6L B 3 A oMb 3 B 1 8 o i i)
Jit JE % 2 7 (6 die /N D 6.9 em, A8 S AR iR KR
9.36%

(a) HELEACEE (b) WAREMGIES: (o) TRARIZTEIERR
& 14 HFGE TR
Fig. 14 Field test of fertilizer applicator

x4 HEREEHERBER
Tab.4 Experimental results of fertilizing depth accuracy

BIHEE /i U 2 AL IE R/ em HEs ik R
(km-h=') fi% 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 em #/em ZR¥E/%

W 12.0 12.0 11.5 11.2 10.5 10.0 10.8 11.3 11.5 10.2 11.1 10.9 11.5 10.5 11.8 11.5 12.0 11.7 10.9 10.5 11.17 0.60 5.35

36 %2z 6.5 65 7.0 6.1 7.2 80 7.9 7.2 6.9 7.5 6.9 7.6 7.1 6.8 7.5 7.2 7.9 7.5 8.0 7.7 7.25 0.52 7.21

%ZE 11.2 11.4 11.5 11.8 11.0 10.6 10.8 11.0 10.5 10.0 10.3 11.5 10.4 10.8 10.5 11.0 11.6 11.2 11.7 12.0 11.04 0.54 4.87

>4 ®)Z 6.8 7.3 7.1 65 69 7.5 7.8 7.5 80 80 7.9 6.8 7.0 7.3 6.5 6.0 6.8 5.6 7.2 6.5 7.05 0.63 8.95

WE 11.0 11.2 12.0 11.6 10.8 11.5 10.6 12.0 11.4 10.5 10.8 11.3 11.7 11.9 10.9 11.3 10.2 10.8 11.9 10.4 11.15 0.52 4.86

72 ®EZ 6.0 6.2 6.6 7.3 6.5 63 6.1 7.6 6.3 6.5 7.2 7.8 7.6 6.5 7.3 7.9 6.2 7.3 6.7 8.0 6.90 0.65 9.36
4 BV S B G I, & AT Z R HEAE i S R A

(1) &FXF T K i 9338 I8 A 7= 5 2, it 7 —F
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PRl 3 F TTC32 JF R T —E RA AW HIRER)
BREPE W RS, AL TR RGER AL e B, S T
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