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Design and experiment of soil covering and compacting
device for Panax notoginseng seedling sowing
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(1 College of Mechanical and Electrical Engineering, Yunnan Agricultural University, Kunming 650201, China;
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Abstract: [Objective] Aiming at the special agronomy of small row spacing and shallow sowing depth of slot
type Panax notoginseng seedling, a compact soil covering and compacting device for seed ditch was designed to
improve the quality of P. notoginseng seedlings. [Method] On the basis of the field experiment to determine
the range of matrix compactness with high emergence rate and the best seedling grade of P. notoginseng, the
dynamic analysis of the contact between roller and soil was carried out to determine the relevant parameters of
the soil covering and compacting device. The process of soil covering and compacting was simulated and
analyzed using discrete element method. Taking ditching depth and forward speed of the planter as test factors,
the covering soil thickness and consistency as the test indexes, soil trough test was carried out to verify whether

the relevant structural parameters of soil covering and compacting device met the requirements. [Result] The
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results of field experiment showed that the range of substrate compactness was 200 to 400 kPa. The structural

parameters of the soil covering and compacting device were as follows: The diameter of the pressing wheel was

150 mm, and the maximum spring stiffness was 140.5 N/mm. The simulation results showed that the soil

covering thickness was 9.77 to 11.40 mm, the offset of grain spacing was 0.07 to 6.23 mm, and the offset of row

spacing was 0.03 to 1.43 mm.The results of soil trough test showed that the optimal working parameters were as

following: The trench depth was 25 mm, the forward speed of planter was 0.16 m/s, the average covering

thickness was 11 mm, the consistency of soil covering thickness was 85.15%, and the compactness of substrate

after compaction was 300 to 360 kPa. [ Conclusion] According to the simulation analysis and soil trough test,

the design of the soil covering and compacting device can meet the agronomic requirements of substrate

compactness and covering soil thickness for P. notoginseng seedlings. The research results can provide

references for the design of soil covering and compacting device of P. notoginseng.
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Fig.4 Seed emergence diagram of Panax notoginseng under different soil compactness
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Fig. 5 Seedling emergence rate under different soil humidity and compactness
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Table 1 Index statistics of Panax notoginseng seedlings

T H HRE/g FEMRK/mm FIE B A2 /mm RIRZE B 42 /mm HRZn %k
Item Weight per plant ~ Taproot length ~ Seedling diameter =~ Dormant bud diameter =~ Root number
/MA 0.38 12.60 4.70 2.20 2
Minimum value
KA 2.86 72.20 14.30 10.30 20
Maximum value
¥J{H Mean value 1.27 32.38 9.07 4.49 9.81
hrEZE 0.22 4.32 0.63 0.33 1.45
Standard deviation
AR5 K% 17 13 7 7 15

Coefficient of variation
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Fp: Traction force; Q : Gravity of the roller and its additional load; F:
Radius of the covering roller; F), : Vertical reaction force; F\: Friction force;
I, : Horizontal distance between point A and wheel center; /,: Vertical
distance between point A and wheel center; Z : Subsidence; Z,: Subsidence
depth; M, and My: Friction torque; Fy : Normal resultant force of support
reaction; Fr: Resultant force of tangential friction
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Fig. 8 Force analysis diagram of the soil covering and
pressing roller
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Fy : Force acting on the ground surface of the soil covering and pressing
wheel; L: Length of rod AB; /; is the distance between the contact point of
pressure spring and point A; a: Angle between the rod AB and the
horizontal plane; F": Fraction force; Fy: Spring compression force; Fy:
Friction force between the ground and the soil covering and pressing roller
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Fig. 9 Force analysis of the connecting mechanism of soil
covering and pressing roller
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Fy,Fy,: Force acting on the ground surface of soil covering and pressing roller; L, L, : Length of rod AB; y, , y, : Angle between the rod AB and the
vertical plane; F'; , F, : Traction force; Fy, , Fy, : Spring compression force; Fy, Fy, : Friction force between the ground and the soil covering and pressing roller
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Fig. 10 Spring balance force diagram of soil covering and pressing rollers with different sinkage
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Fig. 11 Model of the soil covering and pressing roller
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Fig. 13 Model of soil movement during the soil covering
and compacting process
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Fig. 14 Thickness of soil covering at seed after simulation
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Fig. 16 Soil trough test
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) BRI R A 2QB—28 B =Lk S5 i A b 1T
JEMEAY DHKJ 38 S0 e (FE-RAG 2% EACH R
ANFNVNER B 0.1 mm). BER.IFE R,
42 R RER DI

DAFFIRIRFE (A) FIEFHLATEEE FE (B) Jvikse
K&, DL R s+ B — 8 R 48 br,
TR N & =K IERZ A G R, B+ E %R
NYT 503—2015 5ok (F525) #&PHHLAE 5T &k v
FE (17 AT . P ZRKFR WIS 3 B,
PR FEE 3 Ko

#=3 REEHRKEREER
Table 3 Table of test factors and levels

KT HFIE R P fmm FEFPHLRTHERE/(mes™)
Trenching depth Planter forward speed
Level
(4) (B)
1 20 0.12
0 25 0.16
-1 30 0.22

RHAB R (TR 5R% 4 B

=4 RWHERFE
Table 4 Table of test results

BEEE/ mm B EE 3%

e Soil covering  Consistency of soil
Test 4 thickness covering thickness
number
1) (Yy)
1 1 1 10 78.48
2 1 -1 11 79.56
3 -1 1 12 80.62
4 -1 -1 13 83.75
5 1 11 79.08
6 -1 0 13 82.71
7 1 10 82.99
8 -1 12 84.31
9 0 0 11 85.15

PLE LB (v) MELEE S (V) N
Mg s, X5 s 347 7 2 0, 13805 2
g5, W3k 5 K 6.

BT EANERINE S . BLRE
(1) [l A A5 Y JA 2142 25 7K 7 (P<0.05), it B 1% [ A5
5\ EBARENREOCR; (£8 LR R IA
TR, A N R R (P<0.01), B X
+ B R 2 (P<0.05), HABK R AR .
W F AL, 75 R 7 R I R N A
TREE FEFIHLRTHE R, 5 BB MR I 45 SRV &

xS FARERRIRG, RERRHES
IS FEAR I [ 7 2

*5 BXEEMBESH

Table 5 Variance analysis of soil covering thickness

175 A
e CFHR HHE
7 ZERR = Sumof
Sum of Degree of F P
Source mean
squares freedom
square
gt 9.78 5 1.96 13.20  0.0296
Model
A 6.00 1 6.00 40.50  0.0079
B 2.67 1 2.67 18.00  0.0240
AB 0.00 1 0.00 0.00 1.0000
A 0.89 1 0.89 6.00 0.0917
B 0.22 1 0.22 1.50 0.3081
hk 2 0.44 3 0.15
Residual
Jevill 10.22 8
Total
Y1 =16.96296-1.133 33A +0.962 96B., 17

GRBELEE BT ESTERWER 6T
TNe BB AR —EOE I [l AR A ik B R 2 KT (P<
0.01), PiHAZ R A8 5 15 AR i HAT 2 35 1 R 0G
R L EE M REIE R, 4 A 47 X
JE R — S AR 3 (P<0.01), B X7 B —5
PEFZ I 2 3 (P<0.05), HoAth IR 52 A B2 . it
F A5, 15 52 m 78 B R — S0 1 =38 5 9 I
TR FEFHLRTEER E, 5 B E MRS A& .

*o6 BXEE—HMHNBESH

Table 6 Variance analysis of consistency of soil covering

thickness
. B An
J7 2 K VR PR R Sum of
Source Sum of Degree of mean F P
squares freedom
square
Y 47.45 5 949 3076 0.0088
Model
A 16.53 1 16.53 53.59  0.0053
B 5.10 1 5.10 16.52  0.0269
AB 1.05 1 1.05 341 0.1622
A 23.81 1 23.81 77.16  0.0031
B 0.97 1 0.97 3.13  0.1749
R 0.93 3 0.31
Residual
syl 48.38 8
Total

KR 6 PARERNFEMNEGE, FEBHERSE
IR T AR Y (B3 5 R
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Y, =-12.18944 +6.890 33A + 0.997 50B—-0.138 0014(2108)
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Fig. 17 Response surface of test factors to soil covering thickness and its consistency

g5 b, 13 A,B, NI AEKPAS, BIMTFARE
25 mm. FEFIALATEEEE N 0.16 m/s B, )&
FE29 11 mm., 78 - JE R — 8 85.15%. HAE 2%
Ry, BELEE SR B LEESERE
B4R —50,
44 HEEZIERR

AT IR ALV 2T R B, W VR R FE [ 2
4 25 mm, K FEFHLATEE L E E N 0.16 m/s AT
B R R, AT E ISR, R
D SCREHE NI X 35 10 om 3R AL, HE4T 36
JR S R R A, ARG EE 3R, gk 7

*®7 RESHHEELR
Table 7 Compaction result with the optimal parameters

Y15 TR SME/mm LIRS A /kPa
i Average trenching Average soil
No. of groups
depth compactness
1 25 300
2 25 320
3 25 360

. B3 7 77 LA HIFEVEEE 25 mm. &R AL AT
B 0.16 m/s B H3R KL N 300~360 kPa, £ &
=-ERh T R = AR AR e A .

5 #ip

1) 38 H AR IS A, = H R R R 2
B TR E N 25%. B U 2 200~400 kPa.
P, @ A R AR IR ST N R EUR R S
TSRV 5, #e T  HEERR E AN 150 mm,
& 775 % KW EE A 140.5 N/mm.

2) {5 8h EDEM {51 8 LR R 7 LR
FE P mfe AT A, R BoR, LR
4 9.77~11.40 mm, ¥ifE %A 0.07~6.23 mm, 17
PR % 5 0.03~1.43 mm.

3) DAFFVA VR FE AR AL ATk iR TR &
RS R E R E S RS R AR, TR T
KR =K IEACIR IR . 45 R0 : 4B Fh AL iy 0 5
0.16 m/s, JFVAIRFE 25 mm, M7 H XU 4, B
+ B SN 85.15%. LLTE 3R e tE S 5t
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