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Abstract: To resolve the problem of low efficiency of fertilizer utilization between adjacent seedlings in rice
deep-side fertilization, combined with agronomic method of hole-type fertilization, an intermittent fixed-
point precise hole-type deep-side fertilization device was designed. The device uses a vertical spiral auger to
force the release of solid fertilizer. This is realized with a stepper motor, in which the start and stop is con-
trolled by setting a delay period between transplanting and fertilizing to realize intermittent fertilizer dis-
charge, and the rotation angle of the auger is then controlled to ensure to discharge a precise amount of
fertilizer. The simulation experiment was performed using the EDEM software to analyze the performance
of the device. Herein, the traveling speed (m/s), fertilizer discharge capacity (g/r) and fertilizing height
(mm) were treated as the experimental factors. The accuracy of fertilization point and the stability of fer-
tilizer discharge were regarded as the response indicators. A three-factor five-level orthogonal rotation
combination experiment was adopted to test the fertilizer discharge performance of the designed device.
The Design-Expert software was used to perform the variance analysis and response surface analysis. The
results were summarized as below. The optimal solutions were that the accuracy of fertilization point was
calculated to be 93.02%, and the stability of fertilization was 6.52%. When the traveling speed was
0.47 m/s, the fertilizer discharge capacity was 2. 69 g/r, and the fertilizing height was 16.7 mm. The
bench test was conducted using the optimal parameters. The verified accuracy of fertilization point was
91.23%, and stability of fertilization was 7.15 %, which were consistent with the simulation results.
This can satisfy the agronomic requirements of hole-type fertilization in rice planting.

Key words: rice; vertical spiral; hole-type fertilization; deep-side fertilizing; experiment
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G KRR . BFFES JD200-3) . 5 R4,
3.1 REHE

FCATK R MRt AL X5 & S an 1A 11 B,

Lo kAl 20 fRHEs 3. BRETARIL; 4. WL 5. A 6. HENCER: 7. PuEmAL: 8. FEMHIAE: 9. KR
B11 {BAEKwE
Eﬂ»ﬁéﬁm%éﬁxﬁiﬁﬂv%ﬁ, A AN T HE AL BE T 9 R B e, RSP OIEAE R T R SRR, SR
WA AE 1 AR SR I AR B, AR BT RS E 8 0. 1 g AR UIUE AR 10 W i) BRCHEAE S5 IF SR F 208,
23, *Eﬁiﬁ(w)ift(zmﬁﬁ—ﬁﬁﬂ*B?éﬁ%ﬁiﬁ%ﬂ%ﬁﬁﬁkﬂﬁ;&ﬁﬁﬂﬂ AE 1. DAt ML 2 5 i) 47 ik
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B IE FY B Pl HEHE Bt L HEAC 10 B 3 T gy B Ry X PR R ‘%?éﬁﬁfﬁl"i%ﬁﬂﬁﬁ* AR HEAE S RS A e I
P aE ek DR 2R I AT 5 45 DR 2R X W 2 s 1 B 0 ek 22 DR R R A T % DR 3R S A X D R A s Y
CA IS TR v R R DR (S QR R EE’J}\HLXFLEE%/\%’%%& AT

m
2w,
i=1

= 1 19)
" 0
Y N X 100% (20)
S
V==xX100% @D
xX
22)

X S HhRERE: V IR REG H MRS ESKE: Y Rl B0 &SR, Y% n NHEIEALE A0 KL
x; R E ML, g
N Excel 2013 K Design-Expert 5 {4 28 17 B098 A0 PR 20 . DL%e B A 17 0E 3 5 . HEAR & . HEAe
RE 1 R a0 R 3R, ok BOCHE AR 07 8 A R 5 IR R o Sy i B 48 A, TR = PR 3R KOS R Il E SR A
FiRE, B R 3 WOREFHEMERIRGLE R, B R ZAEmiSmE 3 iR, KB TFR 54
Rank 4 Frow.
*3 EZKEHBE

ey S FTib R« /(mes ) HEEREST 2, /(g e e ) Tt NE 55 BE 5/ mm
1. 682 0. 69 5.52 41. 82
1 0. 60 4.5 35
0 0. 47 3.0 25

—1 0.35 1.5 15

—1. 682 0.26 0.48 8.18

x4 REAREER

[ s Ay ik 1 JE HENE fE i A 3 TEAE A7 BB 4 R (v )/ 0 HEREARRE M (v, / %6
1 —1 —1 —1 95. 02 16. 2
2 1 —1 —1 95.12 14. 6
3 —1 1 —1 90. 69 14.7
4 1 1 —1 95.07 10.2
5 —1 —1 1 90. 21 14. 6
6 1 —1 1 94.79 10. 9
7 —1 1 1 86. 80 10.2
8 1 1 1 90. 68 6.4
9 —1.682 0 0 88. 48 15.5
10 1. 682 0 0 96. 60 8.2

11 0 —1.682 0 96. 35 15.7
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Bk 4
T A7 o HEAE fiE it L 85 £ AL AL BB #E R (v /0 HEIERREE (v, /%6
12 0 1. 682 0 88. 71 8.0
13 0 0 —1.682 96. 49 15. 8
14 0 0 1. 682 88. 26 8.2
15 0 0 0 92.52 12. 2
16 0 0 0 92. 24 11.9
17 0 0 0 92.62 12.9
18 0 0 0 92.52 12.8
19 0 0 0 92.52 12.5
20 0 0 0 92.72 13.0
21 0 0 0 92.32 12. 8
22 0 0 0 92. 20 12.7
23 0 0 0 91. 89 12. 4

3.2 RWERSHW
i3 Design-Expert FF X250 45 547 BUH 407, 193 805600 67 & G4 5y, MR EME v, MK
[l 7 88 43000 o 3K (23) RN (24) , IS 56 4% 0%k vl 17 8 B 9 Jd 2 2
vy, =97.51+26. 352, + 0. 74x, — 0. 03z, + 0. 14z, x, + 0. 382, 2, +
0.02x,25; —59. 0527 — 0. 28z, — 0. 89x; (23)
v, =0.475+ 44. 092, — 2. 252, — 0. 24z, — 0. 86,2, — 0. 292, 2, —
0.03z,x, —31.8227 +0.56x5 +0.01lx; 24)
W 5 Frs . WAL E SRR R EN R 2y oy HWMBENR o, 2l BB ENR 2,
T2y xhs AR ERN 2 2z, KT p=0.161 8>0. 1, LM N bR 556 Z A B F K
KFR, BRMISBREA HIBRA 52 WU 09 [m1H J5 7k
y, = 97.51426. 352, +0. 74x, —0.03x, +0. 382, x5 + 0. 02x,2, — 59. 0527 — 0. 2825 — 0. 89x; (25)
®5 HIBGLESEEFESR

KR 5 H i ¥or F P
, 83. 69 1 83. 69 54. 86 <0.0001"""
Z, 4.81 1 4.81 3.15 0.099 3"
5 51.60 1 51. 60 33. 83 <<0.0001""
7, 0. 000 5 1 0.000 5 0.000 3 0.113 0
PR 1. 81 1 1. 81 1.19 0.042"
Ty 0.73 1 0.73 0.48 0.102 4
z! 13.53 1 13.53 8. 87 0.0107"°
s 6.47 1 6.47 4.24 0.060 1"
s 10. 41 1 10. 41 6.83 0.0215""
LAY 172. 65 9 19. 18 12.58 <0.000 1"~
i 19. 83 13 1.53
PR 11. 35 5 2.27 2.14 0.1618
ali iR % 8.48 8 1.06
A 192. 48 22

He ox ¢ x FREFREZF(Hp<0.0D); * x FAREFHF0.01<<p<<0.05); * FREFHEF 0.05<p<C0. 1.
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MR 6 s, SRR E L AR BN o B ERN o, 2 BB RENR 221,
ToZysxts MANREEFERNRN 02,2, KT p=0.263 2>>0. 1, VLM N IEH SIRB N EFZERF KK
F, BORMLG RRBEAT . SRR AN 2 US 09 [E 5 7 R

v, =0.475+44. 092, — 0. 2425 — 0. 292,25 — 0. 03x,x, — 31. 8227 + 0. 56x; + 0. 01x2 (26)
®6 HBBEUFENR

He I V-5 H ¥ F p
z, 3.43 1 3.43 1.21 0.092 2"
2, 0.072 1 0. 072 0. 025 0.676 2
R 33.11 1 33.11 11. 63 0.004 6"
7, 0.21 1 0.21 0.074 0.389 6
T Ty 1.05 1 1.05 0.37 0.053 8"
T,y 1.71 1 1.71 0. 60 0.052 0"
x5 3.93 1 3.93 1.38 0.061 1"
x5 25. 65 1 25. 65 9.01 0.010 2"~
: 25. 65 1 25. 65 9.01 0.010 2"~
e 94. 73 9 10. 53 3.70 0.016 5"
B 2= 37. 00 13 2. 85
e 4D 35 17. 84 5 6.97 25.70 0.263 2
afiiR 2% 2.17 8 0. 27
S 131. 74 22

W * * » BAREFMEE (p<<0.01); * *» BREFBIFE0.01<<p<T0.05); * FmEFEPE.05<p<<0.1).
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K it AT B A R A BN R B DR TR R ARG 0 T Ak AT ASURL B HE S BT AR ) £ 52 B A K
R, ME 12 (D, (o, B 12 (). (DB 12 HCe) . (DRIHE, 447k BE A, HEAEEE 7 Fie e
%E%k,w%%%ﬁﬂﬁ%k%ﬁﬁ-ﬁm%%ﬁm o A R R v E K, AR B A% R
AR S YHERC & BN AR AR AT R T I N B s e R B S, R HEAE RE U, AR A B A A%
%%k,AHEIESﬁﬁWI?mﬂm,ﬂme%ﬁm it BT R B0 78 4 HE 13 S 7 B 43 A B R .
P 45T [0 )9 280 F 45 4 1009 4% 250 3 3 36 48 A 5Tk 2 () A R (27) | 16 P 2 %o 0 107 45 s 19 BT kR (A7) A
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3.3 HESRNERAULERIE

N KA BN I TARPERE X N R AT it @ S B AR Lt R B B8y, DUAR 53 &%
Bl RER S H b R A, A6 DR 2R A0 R 45 s B SR Y R O 29 &4 . I Design-Expert - 5K i H
b R R B DG i

max y,

min vy,

0.35 m/s <<z, < 0.60 m/s

1.5 g/r<<x, <<4.5 g/r (29)

15 mm << x; << 35 mm
0<<y, <100%
0<<y,<<100%

o B4 B IR A AT 0. 47 m/s HEAERE ST 2. 69 g/r ML S L 16. 7 mm., 1IN it 2 057 B 5 4%
RAHERC R B M 2R SR R et . 43 50°h 93. 02 % F1 6. 52%. RIS AL SE B0 E TAES KA &, LIS AL
S BBOTEIE R, IR A5 R A ) A IE AL B A A% R 91, 230 AR AR E 1 7. 1500, S ah R AR —
B, o KR R it I 2 P it AT R G 2 it AT 7 A 25 K

4 Zig

D BT o K R B -8 [R] i 7K R 00 % it A 26 B, 3 ok ) T L BNE P BIEREASORE 1 HE IR A2 3l 4 B . B
JNAZ Bl 0 Rt N8 5 R B A A A . Bt T R G R B, BEE 38 S R R A A () S B A A AT 5 it T 2
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