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Effect of Mechanical Compaction on Soybean Yield Based on
Machine Learning
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Abstract; Aiming to find a more accurate method to assess the effect of agricultural machinery
compaction on soybean yield, data of soil physical properties and soybean yield in different compaction
environments were obtained by carrying out different numbers of compaction walks with different types of
tractors. Soybean yield forecast models were developed from mechanical factors, soil factors, and
composite factors which affected soybean growth, respectively. To find out the differences of models built
by different types of machine learning algorithms, multiple linear regression ( MLR ), random forest
(RF), adaptive boosting ( AdaBoost) , and artificial neural network ( ANN) were used in modeling. In
addition, the importance of model features was comprehensively analyzed. The results showed that the
relationship between mechanical operation and crop yield was complex, and the models built by integrated
learning algorithms ( AdaBoost and RF) had a better fit and higher coefficient of determination. Among
the machine learning algorithms used, the best performance of the models built was AdaBoost, followed
by random forest, artificial neural network and multiple linear regression. The model built using
composite factors for soybean yield had the best fit, followed by mechanical and soil factors. The
AdaBoost-based composite factor for soybean yield forecast model had the optimal fit with R* of 0. 92,
MAE of 1.33% and RMSE of 1.86% . Mechanical factors and soil factors all had an effect on the
variation of soybean yield. The number of mechanical compaction, soil penetration resistance in the
surface and subsurface layers were the important factors affecting soybean yield. Therefore, the effects

from mechanical compaction can be relieved by reducing the number of mechanical operation and
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loosening soil penetration resistance of the surface and subsurface soils.

Key words: mechanical compaction; soybean yield; machine learning; soil penetration resistance;
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0 5

Wt 2 Al A 77 K T 1 2 R, A R AR M BLRR £k 2%
AR A HUBR TE 4% b A 77 4% 3145 o i {4
AP, 7E 4 85 2B 7 R A [l I, s ke TR
JESfEE" o HUMME A S 1) TR 52 & S 8 e 4%
TS TE , - S HR AL P AL, B TR 0 4 e 2 KR
B A REAE S o HUBR AR L S B 1 g
S 52 6 3 B A o 240 R 7 4 e o T B L Y
BUBRAE Ml 5 7 1 8] 1) 56 2, I 52 BLHLAR R SC3R B8 T
g A 7 e A AT A

WU Y. | A 2 3R K2 A 0 7= i) A7 75 52 2% 1Y
VEFIE 2D BUAE S 90 77 ) 5% i — JE DA
4575 T JE& TP BIF 5, LB R sl 5 Sk 1y - 398 37 58 i 738

EE A K 2w LR AU AR b X E 4 7
AR R A R ST A DU T A 4
HEHTAN I RE 110, O L 38 U S BE 1 A5 AL R AE 4
MK R E WAL EELm % T I TER S AL
A M X - 9 3 DA A 4 7 e G I
T - 49 058 2 A SR b S B B LR S
Sy A g I sz R R TG BEL A AR AR 2R
AR O R T kR 3R A 1 U A, IR
s R AR R . CORREA % BF 5
YR TE A7) A 38 PR 85 10 2B KOR B, % B 4 B R 52
X FE W AR R B ok T X A 4% B % . DE
MORAES 45" B fF 5 15 H 7 IR % B 4 38 0 52 B8 11
A AL XE ) 7 R 0 AL AR T . FEHUBRAE X
7 Y 1) B 5 W 5¢ P, SIVARAJAN 4517 Al
REINTAM 45" Y44 H 52 HLAR T 920 8k i A I
Xt MR ME KR R R W R A
MULAZZANI %2V 45 ) 31 A + 38 R 52 5 1 9 7
W] F) 5 28, %o ol 36 0 0 A K BRI 81 S B ol 2 72
HAEEZ L.

T LA B A T8 BE R IR W 42 8 A 2 %
TF U6 4 L 2% 2% 20 B T HLBR R 52 453k, ELAOUD
2 2 ] K R R R LR R S
YRR 4 5 1T Sy - 99 R S R ) 22 T 4R 1 [ )
WKL, GHADERNEJAD %) | F 19 38 B 28 A6
40 B 2R 2 2 S WUAR AR b LA B A 5% A it 4 o - 35
RS2 [ B IR B R . BEN HASSEN 45 %1 Fi) ] 466 47
BLITT i RS2 0B M L 45 A iF A 8 T T Do
I e ) o W R A 7 S il i S

il

KHANAL %2 3 i i 4 J 52 BR 55 1 99 10 0 S 8
P, 25 G R T B ML AR AR S HL AR 25 2 Bk dE ST
T T R B EAR R R OK TR A, AR R
2203 31 7 3 F % JR A1 SVM L GRNN 1y Bagging
PR RN 2 )2 LA e
GA — RF JiL N7 T 4 38 0 S B X K 5 ™ 1 52 Ml 1Y
GF AR

BARZ ¥ HE O R RKE RS, B
R A . O H ET RS 7 iR 2 R BUE Ay B, R
RETEAr M 32 R B IR M e R . @ Han, & 51 AWML
wRoE O B A 5T £ S X+ 438 BRAR M R AUF 5T
it A7 X AE W) 77 & ) WF 5T, TG 1k TR Ak AL AR R S X AR
Yy e, OB =2 XL T B ST, K 4
A W6 2 B33k o 38 T LA S 4 3 . D 7E i 5E
KL, ZHELIEHREXMNEY N EEZZ W, 28T
BB A 5 XTVE 9 19 (8] 42 52w, oK AR [8) 3T
KOS 77 5 0 5% ) JE 17 6 o

AL A UM SRR P 7 R/ RS R G R 41
FINFE VR = AL N R LR R AE & W
RETUUM R R LR FR) W A&, b0
VA B B 2 AR 22 2% 3 LA 2% > Sk =S R
s St SIS W NI E SO NCR S G
X b AN [) 24 TR0 B3k Jor s 7. R 0 7 i R i) A 7R 1) 00
RE 1, LA M FE b B+ X K R 27 5 B AL R A 2 1t
L%,

1 HREH%

1.1 R R#EER

HUAR R S5 38 56 o507 T 2B IR VLA WA R EE T AR L
A K 27 ) BH i 95 Ml (44°04' N, 125°42'E) |, 1- 4%
ARy A, T R Ry b R XA T —
RO, J& T o T Bl 2 RUPE M0, A 3 T B R
3.5 ~4.5C , KT 10CAH BRI H 2 600 ~2 700C ,
AEH R RN & Ol 400 ~ 600 mm , FE R fE 7—8 J], o FE
WM 135 ~145d,
1.2 H#EIHRE

e P40 BT A b X B A AR R P 0 /N AL | rp B A
KA 3 BHERAL (HERLALIEAR S HN R 1 ioR) i
17 R S, AR 4 56 Hh XK T 2 R HL AR Ak 2
PR AR B R S A B AL 43 ) SE i 2.4 .6.8
10 12 YWHUAME 524738 , BP0 58 B AR 7 v Ji ke 28
P B B B ch R IR IR SR S LA AR .



11

JUMEHL S5 JE T HLAS 2% > B HUAR T 5208 R 7™ 2 (9 5 i) 8 00 F 5 141

BEARERAE DR 22 A Al IR SC AL PR E & 3 Ik, IR I 7 T
Sl B PN B AS T S B A (CK) o i 56 b Bk L 5

JE49.6 m G JE 162 m 120 560 3 P Bl i) R 54
PR AR AR 252 0 HEAEALE SR N E 1 s

x1 EXERVNSH

Tab.1 Tractor parameters for compaction test
. e T i A/ MR/ JERMRG/ AT RN R/
20 = R /KW B/ m
ke m m 1] FH/m? T FH/ m> Pa
INTY JD —280 1500 20. 59 1.30 0.10 0.22 0. 030 0. 154 81521.7
rh Ry JD —904 4150 66. 18 1.95 0.22 0.22 0.176 0.198 110 962. 6
K CASE -210 7300 154. 41 1.95 0.56 0. 60 0. 448 0.516 75726. 1

BT B HLE SEAR

Fig. 1

T8 P A 5 198 52 B2 A Ry PEAS BILAR S S 7K 7 RS i)
VEW A T ) BRPE B AR R 2 8, LR S ),
K H; 2= Eijkelkamp 23 @] 4 77 1y PV6. 08 AU + 1 X
SERE I A AN, 7E A% R 0 DO OB BE O ~ 80 em 1) - 1
URSERE o RS, AE X R A R SR /)N
DX 52 2 9 00 B L BB A I B ) H LA AR
PEAY 2 m? 0 P2 X 38, 20 Mo 4% N TR R FiHK
REL RS SR T4 0 O SR &5 K 3, O
WA KR AT HRE /™,

1.3 HiEmALE
13,1 e IR S e b 1 5 7 A8 AL R 1 1 5

Xof 1t 5 i A BB 17 - 8 1 S B RN K L e AT A
P, RSB 80 em 1Y - 4 1% S B HE A 10 em
B, 5% 0 ~10cm,10 ~20 cm, -+ ,70 ~80 cm 3t
8 MTRBE Y IR S RRAE . A ) R S AR R iR

KL R AT O0r BRZE AR 0 IR o (L TR
HR A AN I 7 D R A AR TSR U

CF‘WJW x 100% (1)
Ko m,—Hb i KGR

m'——CK 4] K 5 -3 = i
1.3.2 H4H—1k
Sk T AN TR AR AIE 1) ek 20 2 S ) A5 8 T30 RS 2 )
SZR R T IH — K R IR 2 45 2= [0, 1 ] X JA], 3
HAH
Z. -7

Z = 2
" Zmax - Zmiu ( )

Compaction operations of tractors

K Z—8 i MR
Z o FEAR R (E
Z o FEAR B /ME
1.3.3 S {HAH
SR a0 PR A 5 DR 2R kN Sy PR 2% A e R ) iR
25, R 3o 15 D0k JT 0 ) A 48 1R S R AR A AT
VLB
pm-30<X<u+3c (3)
A p—HAYE
o——FEAR bR M 22
R (3) FIEFE, & WA 55 E, T LS Ssl
B
1.4 F s
S VA AN ) 2 TR BIL A 27 ) Bk r N7 R S B
rh R R R S e R R ) 22 S, R ST TODNORG R T 0 1
B AY 35 FH AR Ml S5 38 i A ek [l 05 (4R B2 > N
REE2% 2] 3 B bldn 7 Bk o M A SC8iE 45 A
SRV R AR Bl A0 25 S Bk AT R R, L b 2k Il 1
e ] 22 Je 4k ol B8k TR B 2 ) i TN Tl 22 1)
AL, B ES A 28 ] et B
PR AR I T sl 2D TR PR B MR PR T Y R 22,
HHRFENGL BT E A5 2] &, H il o f2
B2 Ju S Mk [nl IH B30k A Bl BT A R, AT i B B 2%
s B g w0 R XA Bagging Al
Boosting F Fl1, 43 5 %t 07 i 356 FH %) B AL % bR GAD 35
AdaBoost B3, BRI LR 72 v R ] A% 8 R A0S



142 &l #Hl

3

s

i 20234

P58 Y UE T RIS R I AN [R] R 3% e A
4 i AR S 55 R 3k 2 T .

R2 BABFIRFSET

Tab.2 Input features and symbol representation
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Fig.2 Effect fitting curves of soybean yield prediction model based on mechanical factors
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Fig.4 Effect fitting curves of soybean yield prediction model based on composite factors
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