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Design and Test of Wheat and Cotton Intercropping Precision Seeder
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Abstract. In response to the urgent demand for cotton sowing machinery in wheat-cotton intercropping
production in the Yellow River Basin, and the limitations on large-scale application of wheat-cotton
intercropping technology due to the lack of supporting agricultural machinery, a design of a precision
cotton intercropping seeder was presented, which can complete multiple operations, including furrow
opening, sowing, soil covering, and pressing in a single pass, achieving precise cotton sowing in wheat-
cotton intercropping. Based on the sowing requirements of the wheat-cotton intercropping model, a
complete seeder design scheme was proposed, and the structural parameters of key components such as
the profiling mechanism, furrow opener, seeding device, soil covering device, and pressing device were
determined. Stress analysis of the machine’s longitudinal stability showed that the design met the
requirements for stable operation. Discrete element simulation of the furrow opening process was
conducted to analyze the effects of forward speed and soil entry depth on soil disturbance. Field trials
were conducted, with operating speed, furrow depth, and the horizontal spacing between the furrow
opener and the seed drill as influencing factors, and sowing qualification rate and missing rate as the
experimental indicators. A three-factor, three-level orthogonal experiment was designed to validate the
sowing performance of the precision cotton intercropping seeder. The results indicated that when the
machine operated at a speed of 3.4 km/h, a furrow depth of 45 mm, and a horizontal spacing of 360 mm
between the furrow opener and the seed drill, the sowing qualification rate reached 91.7% and the

missing rate was 0. 64% , meeting the requirements of wheat-cotton intercropping planting patterns in the
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Yangtze and Yellow River regions.

Key words: wheat and cotton intercropping; cotton planter; four-bar profiling; trenching device;

longitudinal stability
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Fig.1 Schematic of wheat — cotton intercropping

farming model
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Tab.2 Simulation parameter settings
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Fig. 16  Simulation of trenching machine groove

shape and shape parameters
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Tab.3 Soil return depth and disturbance degree of acute angle trencher at different trenching depths and different

trenching speeds

FF i HE/ (km-h ™)

F IR/
2.8

3.6 4.8

o]+ YR/ mm TR R/ mm YA iR/ mm [0+ PR B/ mm T4 SR/ mm 42 T8 R/ mm 5]+ R/ mm TR SR/ mm PR3 Y8R/ mm

30 6.3 24 160 8.2
50 8.7 88 224 10. 8
70 11.6 76 328 15.9

25 171 11.1 20 166
82 222 15.7 81 225
83 230 67.4 85 227
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Tab.4 Effect of machine operation speed on sowing

performance
Pl / (km-h ™) BERRAAE R % TE R %
1.8 78.2 0. 45
2.7 85.3 0. 69
3.6 93. 4 1.72
4.5 79.6 2.27
5.4 76.9 3.18

& 4 T HLEAE L B9 1.8 ~ 5.4 km/h
FF 78 23 4 A o JEE b P 00 K 5 9 R 5 A% R Bl
Pl JEE b T e R A e TN e IO L A ol
R 2.7 ~4.5 km/h,
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1 1 D3R T IR 2 0 e R ST A B/ BT E Ik
EH & SREEE AR MR IR,
VR WA 5 M VA 1 P e B e L ]
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Frid g g as Rk 5 R

RS TR AT L0

Tab.5 Effect of furrow depth on sowing performance

T8 B/ mm AR/ % i 3/ %
10 76. 4 0.42
30 82.3 0.59
50 91.2 0. 81
70 80.9 1.54
90 73.5 2.17

H12 5 AL, JF A TR 10 ~ 90 mm I, I 46
WS T 90 TR FEE I A T 48 K 5 478 7oA 23 B O 9 TR iR
1 eI R DA NI O TR EE D 30 ~ 70 mm

SIS R A R A, T il A TR R, &
SR R [T, 5 R A Al s Al T — 3 A B 3 A
WS R s e AT AT, S BUn #F X 7% 2T
i 5 R AR KPR R AR B AR E MR T R, T
PR SRR 25 1 B ), 5 s L A K AR R
K FHIT 8 45 5 3% 2w 7K F- BE S 04 230 ~ 510 mm ik
ik, 25 Rk 6 fin .
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Tab.6 Effect of horizontal spacing between furrow Tab.9 Result of ANOVA
opener and hole seeder on sowing performance R hE ASRE B Ak F P
4 9 5 e 4% 2% MiEL 519.59 9 23.11 0.0002 "
F{fﬂlff K R W% X, 1653 1 1116 0.0124"
230 752 0.52 X, 2.10 1 3.17 0.1183
300 83.1 0. 69 X, 30. 42 1 14.79 0.006 3 **
370 90. 1 0. 81 X, X, 15. 60 1 8. 54 0.0223"
440 84.8 0.92 X, X, 1.0000 1 0.653 1 0.4456
510 75.2 1. 17 WERAR XX, 0.0400 1 0. 008 7 0.928 3
ES X3 192.27 1 74.30  <0.0001*
H R 6 AT, U 75 A8 % Al BE i oy 2 22108 1 e alos 1 .71 o.01L1*
TS B PG b 23R B 1) 0 R 22 4 184 I el s 4 X2 176.94 1 68.37  <0.0001"
I 36 O i # 5 7X#% i /KPR B 300 ~ 440 mm W% 1580 7
5.4 ExRE 2 YL T3 1.83 3 0.3953 0.764 1
FH Design-Expert 3% 1 = W & = K F — 19%# 13.97 4
VI T 26, L A E T A T4 R TR
5ok AR KRR 3 AN OGS [ &, 17 2 oo X, 533 1 140292 <0.0001*
G5 BT 0 3 TREF G A% Y, 5 IR# % X, 0.0703 1 18.51  0.0036"
Yo . ke IR R G R 7 R ik i T 00040 L 107 0.3362
SEERANL 8 TR X, X, X R K T Bila 00306 T 80000l
’ X, Xy 0.0025 1 0.6580 0. 444 0
®7 RABREZERSE i X,X;  0.0009 1 0.2369 0.6413
Tab.7 Test factors and codes il Y, X; 0.216 5 1 56.98 0.000 1™
R X3 1. 10 1 290.24  <0.000 1"
GF ARl TR, TS % L5 b 27623 <0.00017
(km+h~") mm 7K - 18] 5/ mm sk 0.026 6 7
- ) 30 300 KPR 0.0125 3 1.18 0.4229
0 3.6 50 370 2= 0.0141 4
1 4.5 70 400 S 8.08 16

=8 HWEIHEHER
Tab.8 Test design and results

Vo R B (0.01<P<0.05), wr FRIEH (P <0.01),
TR0 5 M R AN 3 A 0 A 5 7
Y, =91.24 - 1.9X, - 1.01X, -2. 19X, +

2.35X,X, -0.65X,X, 0. 075X, X, -
6.76X; —2.68X; - 6. 48X

(2

0)

Y, /% Y,/ %

gﬁ% Xl X2 X3
1 0 0 92.3 0.81
2 -1 0 1 77.8 0. 69
3 0 0 0 90. 6 0.71
4 1 0 1 72.5 2.24
5 -1 -1 0 86.7 0. 64
6 -1 0 -1 82.2 0.71
7 1 1 0 81.6 2.56
8 0 0 0 93.8 0.72
9 1 -1 0 78. 4 2.13
10 0 -1 -1 84.8 1.72
11 0 -1 1 81.9 1.73
12 1 0 -1 79.5 2.36
13 0 0 88.9 0.78
14 0 0 0 90. 6 0.85
15 0 1 -1 82.4 1.87
16 -1 1 0 80.5 0.72
17 0 1 1 79.2 1.82

I3 ] Design-Expert 4 %} 2 46 B4 #9045 Jf 2F

TTHEAN S RWME 9 iR,

Y, =0.77 +0. 81X, +0. 09X, —0. 02X, +
0.87X,X, -0.02X,X, +0.015X,X, +
0.23X; +0.51X; +0. 499X (21)
MRS AL M EMEF y23.11,P N
0. 000 2, 7= B BT 4 2 (1 0] 09 455 780 Al Jb 35 5 1 7 2Kk 400
PER S, P ol 0.764 1, R BRI B3, HE
RERIREADL 45 R 5 SE PR % &0 & W & o A AL — IR I
X, X203 B3 kX X0 XS Rk 3
SEHIFX, X, 500 O i 3 X R i A% 3 8 52 ) el R
SRR R TF 10 25 5 7R 25 KT [l EE VR 3 B T
IR o X, X, X0 46 b & A% 3852 w09 g )iz il 1 4n
18 iR o
T A IHAE A P /T 0..000 1, 3% B Fir kg 2 1Y
[l R RS B B 35 22 S o [ I, A 2R UL PR A 4
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Fig. 18 Dual-factor response surface for sowing

qualification rate
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Fig. 19 Response surface of dual factors affecting

missed broadcast rate
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Fig.20 Field operation verification after optimization

of all parameters
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