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Influencing factors and reduction strategies of
subsoiling tillage resistance

HANG Chengguang' . HUANG Yuxiang'?,LI Wei' ,ZHU Ruixiang'**
(1 College of Mechanical and Electric Engineering , Northwest A&F University ,Yangling . Shaanxi 712100, China;

2 Shaanxi Engineering Research Center for Agricultural Equipment ,Yangling ,Shaanxi 712100,China)

Abstract: [Objective] This study analyzed key factors and influences on subsoiling tillage resistance to
provide basis for subsoiling resistance reduction technology and equipment. [ Method) The influences of
tine shape (arrow tine and chisel tine) ,tool spacing (300,400,and 500 mm) ,rake angle(18°,23°,and 28°),
soil moisture content (10%,15% ,and 20%), soil hardness (1 000,1 500, and 2 000 kPa), tillage depth
(250,300,and 350 mm) and speed (2,3,and 4 km/h) on subsoiling tillage resistance were analyzed by
L;; (37) orthogonal experiment method and analysis of variance for single dependent variable. [Result] The
test probabilities of tine shape, tool spacing,rake angle, soil moisture content, soil hardness, tillage depth
and speed were 0. 613,0. 057,0. 056,0. 495,0. 013,0. 001 and 0. 797, respectively. Effects of different fac-
tors were in a decreasing order of tillage depth™ soil hardness™>rake angle™ tool spacing™> soil moisture
content >tine shape™speed. The effects of tillage depth, soil hardness, rake angle,and tool spacing were
significant. [Conclusion) To reduce tillage resistance and increase tillage quality,with the premise of agro-

nomic requirement, reasonable tillage depth should be determined by the depth of ‘plough layer + plow
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pan’. Soil hardness should be regarded as an important evaluation index to decide interval time of subsoi-

ling operation. Rational allocation of rake angle and tool spacing of subsoiler contributed to reducing tillage

resistance and improved tillage quality.

Key words: subsoiling; conservation tillage;tillage resistance;reduction strategy
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Fig. 1 Tine shapes of subsoiler used in experiment
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Fig. 2 Measurement process of soil moisture

content and hardness in field
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Table 1

Orthogonal factor levels of tillage resistance
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Fig. 3 Measurement of soil preparation and moisture content
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Table 2 Orthogonal test of influencing factors of tillage resistance
BRI
J¥ 5 No d/mm s sm/ % a/ () sh/kPa h/mm (km » h-1) Tillage
resistance

1 300 % Chisel tine 19.75 23 1437.65 250 4 4. 38

2 300 #JZ Chisel tine 19.75 28 968. 55 300 3 5.23

3 300 #J Chisel tine 19.75 18 1929.95 350 2 5.98

4 300 I A Arrow tine A 14. 56 28 1 437.65 300 2 4.67

5 300 FiE A Arrow tine A 14. 56 23 1929. 95 250 3 5.38

6 300 FE A Arrow tine A 14.56 28 968. 55 350 4 5.07

7 300 #IE B Arrow tine B 11.17 23 968. 55 250 2 4.51

8 300 Hif& B Arrow tine B 11.17 28 1929. 95 300 4 5.74

9 300 %i¥ B Arrow tine B 11.17 18 1437.65 350 4 5.69
10 400 #JZ Chisel tine 11.17 28 968. 55 350 3 5.6
11 400 ¥ JZ Chisel tine 14. 56 18 1929.95 250 3 5.25
12 400 % Chisel tine 14. 56 23 1437.65 300 2 5.54
13 400 FiIE A Arrow tine A 11.17 18 968. 55 250 2 4. 82
14 400 HiE A Arrow tine A 11.17 23 1929.95 300 4 7.15
15 400 il A Arrow tine A 19.75 28 968. 55 350 3 6.23
16 400 ¥ B Arrow tine B 19.75 23 968. 55 300 3 6.52
17 400 i B Arrow tine B 19.75 18 1 437.65 250 4 3.72
18 400 #IE B Arrow tine B 19.75 23 1 437.65 350 4 6.75
19 500 ¥ JZ Chisel tine 11.17 28 968. 55 250 2 5.00
20 500 # £ Chisel tine 11.17 18 1929. 95 300 4 6.41
21 500 # 7 Chisel tine 14.56 23 1929.95 350 2 6. 54
22 500 il A Arrow tine A 11.17 23 1 929.95 350 2 7.33
23 500 % A Arrow tine A 19.75 18 968. 55 300 3 4.47
24 500 FiE A Arrow tine A 19.75 28 1 437.65 250 4 4. 84
25 500 HiJE B Arrow tine B 14.56 28 1929.95 250 3 5.78
26 500 Hil B Arrow tine B 14.56 18 1 437.65 300 2 5.72
27 500 %i¥ B Arrow tine B 14. 56 18 1437.65 350 3 6.03
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Table 3 Variance analysis of single dependent influence factor of tillage resistance
I # Type | 7 Type [l
B R B Y57 5 5 R B F 5 ER:Ep;s ¥y RIET A W
Sources Sum of Freedom Mean Variation Significant Sum of Freedom Mean Variation  Significant
squares of degree square number level squares of degree square number level
COI/%CJEEiOn 854.617 15 56.974 221. 450 0.005* ** 854.617 15 56.974 221.450 0. 000" ™~
s 837. 357 3 279.119 1 084.890 0. 000" ** 0.262 2 0.131 0.509 0.613
d 2.019 2 1.010 3.925 0.049* 1. 884 2 0.942 3.662 0.057"
a 0.929 2 0. 464 1. 805 0.019** 1.901 2 0.951 3.695 0.056"
sm 2. 869 2 1. 435 5.576 0. 206 0. 384 2 0.192 0.746  0.495
sh 3.613 2 1. 806 7.022 0.010* * 3.282 2 1. 641 6.378 0.013**
h 7.710 2 3.855 14. 985 0.001* "~ 7.710 2 3.855 14. 985 0.001* "~
v 0.119 2 0. 060 0.232 0.797 0.119 2 0. 060 0.232  0.797
%22 Error 3. 087 12 0. 257 3.087 12 0. 257
Eit Total  857.705 27 857.705 27

ij::“ PR

Note:“ x ”

3 itk St

DGR W RAMPERL ) i E 2N R B
AT R BT AR LSS R PEE R L BLR
Eob )R BA LR E R R A A A
JZ B A I ] R e S R B A% IR R A R L AN T X
WA RE AT AR BOR 22 5 B R AR R
(¥ J5E B — Bl 250 ~ 350 mm*TH . 2 RN I B L
DA IRV /AS TR 45 B % 1 P 1 A TR I 7 e e o =
S o DT AR - 8 10 5 K DRI RE T3 AN T R 2 A
AR RRAE B0 A 1 DRt 5 BRI £ B TR 0 R
PR IE A K Rk D BB ¥ B E L

L. e [ 2R A 5 ok % — i 250 ~ 400
mm , {H S BRI I A L 2 P B SR 0
PAROCR » R BR B BFIR ZEAT TRAS XA R T B
VEBH T3 S BEFE - [R) I 384 0 7 BB OR  J2= 45 4 9 XIS
PRI S i AR 2SR B Sl b b/ DCIUN Y L )R
LER O AT AR DL HEA T I 5E AR “HFAEZ + AR E T
S P JBE A E TR AN DR JEE . T LA B R A T R AN
A i LR R ORI R T B L R A B T
RIS BEVERL T

2)) o S W SR TR AA DA RE ) R S . o
RS2 3 AT L S e b EAIR BT A1 g e S5 M e 1) E T
HO R BHERL ) BA W2 5 . ARSI )
32 BN BT Y) B AT S B N R A 7 A
TE A5 000, A4 ol B UARCR S 43 8 O /N L g
AN R 7 S AL 2% 51 BE ) ) B R . TR AR
AR RN 5B R S IR SIBE 7T 11 % - e 1)

Tk w ox VORI IR 10%0.5 % K 1 %K bRy R

,“% %7 and “ % % % ” refer to significant difference at 10%,5% and 1% ,respectively.

A T S o RS A ) 2 I Y e e I S
BN o ARG AN 7 R B RE ) 5 . R P
s AN 1B BB BB/ s e s 2 e R s
JERR I A Ty ok . I e 55 B A -
R S HE 2 AT TR XoF AR B A BEL T B AT o A
M.

FIAI o 78 T [ B A 1Y) 3t X TRA (8] Bl 47 BR —
Bk 2~4 AF T BRE S B L TR 0B BE S BE AR O
TR R R B 28 X VR W7 | S K M R B 5 R
HEATHE S IF RO e R S R B .
W SERE R - SR B AL R VER Y BT B
M) o A R ) 1 52 o 2 5 B SR A i U LB K R
o AR TRED AR . BFRERY, -8 KR K
HUAR S 52 %oF - 38 IR 52 i B FE R - R
8 18 SR AT AR Sy A T T R B4R Al L
W AT o 7 o 8 8 SR i R X B AR IR B AR
P A 7 A A R EAT TR A 5 AN S BE 6 I 2D B
LA 5 3 B A £ 3 T 6 L R AR TRAR BF A BEL 7 » [ et
AT By T3 L HE R BEAL IR

3D BHC B A AR R /N PR BE D A R
oo ARG BT RS Rz — xR
FABEAEBE Iy 227 A B A . TRl IR o TR AR -
AR G 2 18] R B AR LAk A =[] 7 A B
BLT] A AR A5 S o S 5 ) R R ) o
PR L T A 0 728 A 0 TR 57~ 98 28 8 B9 A E AR
A EEEN ., McKyes 48 IR H1F 5
b AR AR S A v TR B B 4 1 TR A L A
FRY 18 DA T 8 4 A TR AR B 885 T a0 2



113

BURE G A5  TRAS BRI I 9 52 o PR 2R 4347 -5 D BEL R mig 207

A B S TN A AT T 1) 52 3 A A B
BERVE PO DT 51 58 B A0 BEL g 38 . 7 5 3 TR
B Rl N A AR 2 S B AR K
TR A AR S AR R R Y 2 I 5 TR
P - S B U HI AR 38 TR A B U #) - P
(SN 1, S BOF AR B 3 3 K. TR TR AL o A
W52 SRS E PR IR ASUE B RO ST AR TR Y R
M o TR B B9 A A 25 18—V B A 3l L BT 51
PRV IR B B A B ) e A R e A . 2 Bl L iR
PG A A 9 E B 2% BR S A — E Y 1R A /N Y
A A1 REAE B AR TR Al A9 B A1 BEL T

(0L ERORVN VN K WA NS - AL g i
TRARBILAT Jo 1) T 2 00, b IR A R A BEL g BBk A &
R R0 3 B R BRSO T < B — . 257 19 B [ A
JHJR 52 Wi - 398 2 8] AR LA 3 A B 2 AR T O A A
B E B AR R G5 RN B B
Z (8] 4 By TR) A 0 5 7 A T S A )+ 70 1z
(i) £ B3 ) 1 P B8 % A R b 386 DR 4 M 22 1] i) A LA
) [ AR e SR I B SN0 s T+ DT AR A BEL
03555 AR TR A 1 2 H AR M SR AR Y
“CWURL A SR AR E B R K X Ak
D7 4 e A B K DR I BE 0 . AT AR AR AR W 1Y
A TR /NI U 2 8] B R 58 A B
gy LI HPR BB UY L JF R BRI L K 7 BB
AR oA o £ bl R BHE B A B (] B A
R BH 3 B B A 255 R 249 B AT o 8 S 5 B ) 3ok BB
AR S B AL AN B R A D

LRGN R R B 2K AE R L
B VHTIE (BT TEAN B 18] A 08 BOAE AR B 25 L OF
TClC E bR PG B XA R SIE 7R T 0 5 IE B
it AL R B AL R B RIS T & 3 TRA B 8]
) B 5 % R R R B R BEL T DA TR A HIL A
Ja 75 3 B ARl i Y T ER A

5) Ayl 7E AN [A) R 28 0 TR BIF A BHL 0 10 2 i A
[ N i G SIS | ANV < N B S & N o
SR SR OPFUR LA ] R A R A BE O 4
AT T 27 HIEAE L R SPSS #E X LK
ZERBEAT M AR R W] IR BRSO LA
i1 X B A BEL T B 72 AR e 3 A TR PRk
PR REL 3 3% i 2 B2 0% HE 3 AU - B TR > e S
JE> A b > 57 > £ SR R > 5 > A 5]
-39

U8R B B T 48 e B A B X B i TR
PABEAE REL T B9 B R A AT T 285 0 M7 - 7T LA 2

PATR 8538 - 50— AR A S BOR X TR AN TR JEE BESR 1Y
B4 T MR 32 2R B AR 2+ AL JZ 7 19 5 JEE
TE 3 25 o DA L 18] B AF BIR 14t A 8 e 50
VB BBV F6 b s 28 = 5 BRIC B RAR G B9 A 1/
A 2 A AER A AR Ll B g 48 e A ol o Y T 2

WA,

(&% k]

[1] Hamza M A, Anderson W K. Soil compaction in cropping sys-
tems:a review of the nature,causes and possible solutions [J].
Soil &. Tillage Research,2005,82(2);121-145,

[2] Ahmad N, Qadir G. Effect of subsurface soil compaction and
improvement measures on soil properties [ J]. International
Journal of Agriculture & Biology.2007,9(3):509-513.

[3] LiX,Tang M J,Zhang D X,et al. Effects of sub-soiling on soil
physical quality and corn yield [J]. Transactions of the Chinese
Society of Agricultural Engineering,2014,30(23) :65-69.

(4] EEA R DAz, 55 AL VAR B e AR - 1 5 5 i 4
FAL - i ARG BT [T, 4Ol T2 224, 2015,31(8) . 7-14.
Wang H J,Hao J P,Feng R Y,et al. Microhole subsoiling de-
creasing soil compaction, and improving yield and seed quality
of cotton [J]. Transactions of the Chinese Society of Agricul-
tural Engincering.2015,31(8) :7-14.

(51 B8 il oF,Z=ubsc, S5, o A6 7 X ERAR X /N 22 oK
B Meta 40071 [J]. 40l TR 2441 ,2015,31(22) . 7-15.
Zheng K, He J, Li H W, et al. Meta-analysis on maize and
wheat yield under subsoiling in Northern China [ J]. Transac-
tions of the Chinese Society of Agricultural Engineering,2015,
31(22):7-15.

(6] Z= B, RARM, BN, 5. ZiaRaERMILER SIS

B [T Rl TR 242, 2015, 31(21) : 17-24.
Li X,Zhang D X,Wang W X,et al. Performance parameter op-
timization and experiment of forced-vibration subsoiler [ J].
Transactions of the Chinese Society of Agricultural Engineer-
ing,2015,31(21) :17-24.

(7] 2 BE.RAR2.K i, 55, b 50 SRR M o R b BEL g 5 i) Y

B [T TR R 2 M (A SRR 248D . 2014, 35(1) : 34-39.
Li X, Zhang D X, Zhang R, et al. Experiment of subsioling
draught under different soil physical properties [J]. Journal of
Jiangsu University (Natural Science Edition),2014,35(1) :34-
39.

[8] Manuwa S 1. Performance evaluation of tillage tines operating
under different depths in a sandy clay loam soil [J]. Soil &
Tillage Research,2009,103(2):399-405.

[o] sk&d. & £, 5. AR HEER R SRE [T K

AL 24 4, 2014 ,45(4) :141-145.
Zhang ] B, Tong J,Ma Y H. Design and experiment of bionic
anti-drag subsoiler [ J]. Transactions of the Chinese Society for
Agricultural Machinery,2014,45(4) :141-145.

(100 ZE9& 3, i 3C, R oo T, - HE 45 3R & /K & % JF VR BEL ) 1) 52

M (I, Al TR 4. 1998, 14(1) . 81-85.



208 PE 3t A AR 2 2 4R (B A REE RO o 44 3%
Li R S,Gao H W,Su Y S. Effect of soil bulk density and mois- 228-234.
ture content on the draft resistance [J]. Transactions of the Huang Y X,Hang C G,Li W,et al. Subsoiling test and evalu-
Chinese Society of Agricultural Engineering, 1998,14(1).81- ation methodology study of tillage quality [J]. Journal of
85. Northwest A&F University (Natural Science Edition) ,2015,
[11] Botta G F,Jorajuria D,Balbuena R, et al. Deep tillage and tra- 43(11):228-234.,
ffic effects on subsoil compaction and sun flower( Helianthus [23] @GS, me/b N, Bl . T H LML L F A HL SR bl iR 5
annus L.) yields [J]. Soil & Tillage Research,2006,91(1): L0, R HLAR % 4 . 2010,41(10) : 35-39,62.
164-172. Gao M S,Xue SP,Liao Y C,et al. Subsoiling technique in ap-
[12] Mouazen A M, NemeAnyi M. Finite element analysis of sub- ple orchard [J]. Transactions of the Chinese Society for Agri-
soiler cutting in non-homogeneous sandy loam soil [J7. Soil & cultural Machinery,2010,41(10) :35-39,62.
Tillage Research,1999,51(1);1-15. [24] BEHR . HHT BB M 45, XSRS 2 5000 56 BF 55
[13] Mouazen A M.NemeAnyi M. Tillage tool design by the finite LI Pt ME R 2% 244, 1987,15(1) 1 24-29.
element method:Part 1. finite element modeling of soil plastic Xue H L,Yang L Q,Lian D J,et al. Tests of designing param-
behavior [ J]. Journal of Agricultural Engineering Research, eters of double-wing subsoiler [ ]J]. Journal of Northwest Ag-
1999,72(1):37-51. ricultural University,1987,15(1) :24-29.
[14] Mouazen A M.NemeAnyi M. Tillage tool design by the finite [25] ¥ EREHUROG, SR, 45, AN T S AT MR B BTy &
element method: Part 2. experimental validation of the finite S5i58 [T, b WL A4, 2016,47(7) . 70-78.
element results with soil bin test [J]. Journal of Agricultural Huang Y X, Hang C G, Yuan M C, et al. Discrete element
Engineering Research,1999,72(1) :53-58. simulation and experiment on disturbance behavior of subsoi-
[15] Shahgoli G,Saunders C,Desbiolles J.et al. The effect of oscil- ling [J]. Transactions of the Chinese Society for Agricultural
lation angle on the performance of oscillatory tillage [ J]. Soil Machinery,2016,47(7) . 70-78.
&. Tillage Research,2009,104(1):97-105. [26] [ W.&&E&.% W% EXREHERFED 50 &
[16] Shahgoli G,Fielke J, Desbiolles J, et al. Optimising oscillation FERFFAE MR SE [T, Sk B AR b K 2% 2% 42, 2014, 45(6) : 685-
frequency in oscillatory tillage [J7]. Soil &. Tillage Research, 690.
2010,106(2):202-210. Yu N,Jin X X, An J,et al. Characteristics of soil pore size dis-
[17] Awad-Allah M A,Mahgoub H M, Abo-Elnor M E, et al. Ex- tribution and soil reservoir capacity in different corn cropland
perimental investigation of the effect of vibration during till- top soil [J]. Journal of Shenyang Agricultural University,
age process of multi shank plough blade [J]. Aerospace Sci- 2014,45(6) :685-690.
ences & Aviation Technology,2009,13:1-16. [27] A A0 RS A5 AL PG 3 X R B R K 7 0 bR L 7R
[18] Camacho-Tamayo ] H,Rodriguez B,Gonzalo A. Evaluation of 247 [J]. £4,2011,43(5):714-719.
tillage tools at different working speeds and soil water con- Bai W,Sun Z X,Zheng ] M, et al. Soil plough layers and soil
tents [J]. Agricultural Tecnica,2007,67(1) :60-67. nutrients in Western Liaoning [J]. Soils, 2011, 43 (5); 714-
[19] LiB,Liu F Y,Mu]J Y.et al. Distinct element method analysis 719.
and field experiment of soil resistance applied on the subsoiler [28] Perfect E,Diaz Z M,Grove ] H. A prefractal model for predic-
[J7]. International Journal of Agricultural &. Biological Engi- ting soil fragment mass-size distributions [J7]. Soil &. Tillage
neering,2014,7(1) :54-59. Research,2002,64(1) :79-90.
[20] FFRTF.X0 MR B . A5 DRAN G A R TR B4 I o B 1 B [29] TIbarra S Y,McKyes E,Broughton R S. A model of stress dis-
Jisgmn [, AHUALAFE . 2015,37(11) . 161-165. tribution and cracking in cohesive soils produced by simple
Qi G Y.Liu L,Zhao Y Z,et al. Effects of subsoiler’s penetrat- tillage implements [ J]. Journal of Terramechanics, 2005, 42
ing depth and spade shape on traction resistance [ J]. Journal (2):115-139.
of Agricultural Mechanization Research, 2015, 37 (11); 161- [30] EEH.Z % MHE EHERNELGRETREN L
165. Bk e Rg e m (], Rk TAE2 42, 2015,31(1) : 107-116.
(210 =Fuimn . 2G5y Ak v, 45 25 1845 B+ 9808 1 i 4k 30 s BEL Wang Y L.Li J,Bai W X. Effects of rotational tillage systems
S L1 Rk AL 244, 2014, 45(2) : 136-140. on soil production performance in wheat-maize rotation field in
Xin L L, Li C Q. Liang J H, et al. Vibrating drag reduction Loess Platform region of China [J]. Transactions of the Chi-
considering acting force of piecewise soil [ J]. Transactions of nese Society of Agricultural Engineering, 2015, 31(1):107-
the Chinese Society for Agricultural Machinery,2014,45(2) 116.
136-140. [31] McKyes E. Soil cutting and tillage [ M]. Amsterdam: Elsevier
[22] BEEFHEC.Z LS5 BIME L BOR K5 L0 6 Jr 2 8T Science Ltd,1985.

7% L1, PEALAR MR K27 22 R CA R BHF# R 2015, 43(11) ¢



