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Effect of Tyre Induced Soil Compaction on Soil Properties and
Crop Root Growth under No-tillage System

WANG Xianliang WANG Qingjie LI Hongwen LI Wenying NIU Qi CHEN Wanzhi
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In order to investigate the effects of tyre-induced soil compaction on soil properties and crop
root system under no-tillage condition in North China, a three-year (2013—2016) field experiment was
carried out in Hebei Province. Four treatments, including no-tillage (NT), compaction lane under no-
tillage (CNT), subsoiling tillage under no-tillage ( STNT) and subsoiling tillage in compaction lane
under no tillage (CSNT) , were performed with randomized complete block design, with three replications
for each treatment. The effects of different treatment on soil aggregation, soil bulk density, soil
penetration resistance, maize root dry weight and roots distribution were evaluated. According to the
result, there was a cumulative effect on macroaggregates content over time in CNT treatment, the value of
this indicator was gradually decreased from 2014 to 2016; in the meantime, it was increased with the
increase of soil depth. It was also indicated that soil mean weight diameter (MWD ) was significantly
reduced under CNT treatment. The soil bulk density for all the four treatments was increased with soil
depth from 2014 to 2016, and the soil bulk density throughout the 0 ~ 40 c¢m soil profile presented a
descending order of CNT, NT, CSNT and STNT. The soil bulk density under CNT treatment at 10 ~
40 cm depth was significantly increased by 14.2% (P <0.05), 15.7% (P <0.05) and 17.1% (P <
0.05), respectively, compared with those for NT, CSNT and STNT treatments. The soil penetration
resistance was one of the key soil properties, the values for this parameter presented a descending order of
CNT, NT, CSNT and STNT, with the increase of soil depth. The average soil penetration resistance
under CNT treatment was increased by 38.2% (P <0.05), 58.9% (P <0.05) and 59.4% (P <0.05),
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respectively, when compared with NT, CSNT and STNT treatments. The wheat root length density and
maize root space distribution in 0 ~20 cm soil layer in CNT treatment were better than those for NT,
STNT and CSNT treatments, in cropping seasons from 2013 to 2016. The mean root content of summer
maize under CNT treatment was increased by 24.0% , 24.9% and 19.3% (P <0.05), respectively,
compared with NT, STNT and CSNT treatments during a period from 2014 to 2016. There was only
11. 6% of the average root content at 20 ~40 cm soil depth. The maximum mean wheat root density of
wheat under CNT, NT, STNT and CSNT treatments was 0. 63 cm/cm’, 0. 83 em/cm’, 0. 84 cm/cm’ and
0. 83 em/cm’,

in spite of the compaction from nature sedimentation and seeding, but the tire-induced compaction had a

respectively. Finally, it was concluded that the soil under no-tillage was less compacted

significant effect on soil properties and crop root growth under no-tillage, the subsoiling tillage could
significantly decrease soil compaction. Although the no-tillage area can increase the soil bulk density and

soil penetration resistance, the effect was negligible, and there was no need for loosening measures.

Key words: no-tillage; soil compaction; soil properties; crop root growth; subsoiling tillage
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AR S B M B A DR O ORI A ok —
T FF A e — /N 22 G 0 it FES % ol — /N 22 T ) B o —
/N Z2 W B WAC AR — 5 R G A it N A b — 0 2 B L —
ORI B oAk
L2 Kt

L T 2013 4F 10 A —2016 4F 6 H , 5% I 1 [4]
FE PRI T5 ik AT AR b T2 A b B b
(NT) SR BAL (STNT) S bl Ik 52 (CNT) Fi e I
SCTEFA (CSNT) 4 F b B, HH ] 38 56 4k PR UL 1) Ta,
HR P I TR D 43 4F 10 A TR YOI Z Jm /22 # A 2
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Fr 0 20 em,, K i i D B B 958 , 47 04 60 em,
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PR Y S IBCRE I 8] 43 50 Oy 2014 4E 6 F (2015 4E 6
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Fig.1 Specific operations under different treatments
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Tab.1 Basic soil properties in experiment field
Ea 27N ¥4 T HEHUMRAL AR (5 R 2 80 /% ER £ v LB TR L & T HEE K
cm >2 mm 1 ~2mm 0.25 ~1 mm 0 ~0.25 mm (grem™?) B/ % B/ (gkg™) /%
0~20 4.20 7. 81 44.30 43.69 1. 19 54.2 13.5 15. 82
20 ~40 1.34 4.87 47.75 46. 04 1.36 47.7 7.6 14. 46
L3 WikA & 1.3.2 THes e AR S
L3.1 JKEaH RIK M TIEN B LR E, REREN O ~

S AR 45 4 SR I R AT L 5 R 443
R ORI R A [l = XU S, R B 3
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BRI N

M,. . -
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D, —4 i BRI B HRF 2 B A%, mm
My, —— R RT3 JF it A%, mm

- 498 AT 5 AR 4 21 5
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n
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P TR FRL 5 R AR LR, SR 05 R B8 A TR
i, 108CHE: N T2 EEE .
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B A K AR A 2 A T (58 1S m IR
Lm) 5 TR 70 R 1515 Bk, F5 47 A 7 i 20 2
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JE I _E, BORAR AR EAE 2 W 2R i
1.4 HiEAE

K] Excel 2013 4bECHE , SPSS SE T # (i 47
J5 2255 Hr , MU Origin 9. 1 B PFEAT 22 14

2 HRE5HH

2.1 EERITHEABEAREHZME

S I3 R AE L T b o S B R AN R Y
ORI B R B, T3 7E A% 8 5 A h iR 1
ARTEE I TR AR B - S AURE TR HE S . K AR
1 R A SR 1A B T A R R S R T B AS A F R

R RIRH N L. B 2 /] LLFE H,2014 4F
0 ~20 cm CNT 2b ¥ K A R AL & & W] WAL T CSNT,
NT STNT 4b 3, 73 54k 22. 85% ,25.99% .24.18% ;
20 ~40 cm R 4 Fjogb R MR IR & W 2
532015 4£0 ~30 cm 1 JZ CNT 1 CSNT 4b 3 K 4] 5
R B EART NT & STNT 4 B, CNT 43 5%
60. 78% .59.53% ,CSNT 43 Rk 21.29% .20.35% ,
30 ~40 cm JCHA i 2% 552016 4F 0 ~40 cm +J2 CNT
Ab K A1 B8 A fr i ¥ B 3 IR T CSNT  NT STNT 4b
P43 BIAK 35.67% .65.95% .65.20% ,0 ~30 em -
J= CSNT &b #E Ik T NT STNT &b ¥, H CNT 4b # Kk
VSRR & i W] I T CSNT b ¥, 2014—2016 4F
CNT kb 3R P 5 A & & 3 o/, H &2 3R B R
W fin, W] CNT 4b BT K 141 56 14 & & 52 e 2o

EMERBTE A, B2 AR BT + RN -
801 CNT 807 . CNT 801 .
. a CSNT . a CSNT . a ;
£70 a{i 2 d CINT £ 707 bjfi T8 CINT £70 b fﬁ“
ﬁéu— WNE b ﬁao— NE . % To EBSINT B0 [{
&40 //\ g ﬁ"ﬂ)’% E AN = A = ﬁ40‘% >§
P ZN= P = = = Y AN =
30PN B = 301 = \RE g§ E = 30 N =
Ko0lN B K 20 = A B g§ = K 201 =
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JNEIN EINN NEER/ /E o =\ | | 5
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B2 4 Fhak s+ R R A CRAR KT 0. 25 mm) 4L
Fig.2 Changes of water stable macroaggregates ( greater than 0. 25 mm) under NT, CNT, STNT and CSNT treatments
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TR ,2014—2016 4F CNT 4 FEfiE 5 26/ 0 ~ 20 em

+HJZH MWD, CNT 4b B 3 42743 MWD 35| L NT
STNT ,CSNT 4 BEJ& /N 5. 4% 8.5% 5.7%
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Tab.2 Mean weight diameter under different treatments mm

|- eV g/ 2014 4 2015 4F 2016 4F
cm NT CNT STNT CSNT NT CNT STNT CSNT NT CNT STNT CSNT
0~10 3.20° 2.86" 3.18° 3. 120 3.24° 2.59" 3.10° 2.96" 3.25° 2.79" 3.22° 3. 08"
10 ~20 3.08° 2.78° 3.12° 3.05° 3.08" 2.51" 3.09° 2.88" 3. 16" 2. 64" 3.14° 2.98°
20 ~ 30 2.60° 2.58¢ 2.61° 2. 44" 2.65° 2.48° 2.75° 2.57° 2.59° 2.45° 2. 63" 2.51°
30 ~40 2.55° 2.15° 2.47° 2.39° 2.22° 2.12° 2.41° 2.33° 2.28" 2. 14° 2.25° 2.38"

T R 3 W A2 LU B9 P S L () 4003 () A7 K S5 A [a) 5 B 2 7 A B i) 22 7 .35 (P < 0. 05) , R [l

2.2 EEXWNITERZENZHE

- 48 7% T ) - W A P SR A A
FUT, J2e 0 1 9 % Se AR A T B AR AR A
THEABEMEME R . H# 3 AT M,2014—2016
AF 4 Fofr b B 1) - MRS T B B A 2R S 2 RS K
EHE,0 ~40 em + )2 LA E B KB /NFRHA
7 :CNT ,NT ,CSNT ,STNT, H. 0 ~ 10 cm 4% &b ¥ 2 [i1]
FHEATEZRAEE,10 ~40 em PR £ )7 CNT 4
P+ 45T B 2K F NT,CSNT STNT ih ¥, H -1y

KBS Ay 35 14.2% (P <0.05) . 15.7%
(P<0.05).17.1% (P <0.05) ,NT ,CSNT ,STNT kb
PR H AR AR I B 25 . 2014—2016 4,
B 25 B A R 18] 38 0 45 A0 B O ~ 40 em £ )2 B9 P +
BEAS T R IGmE H, CNT 4k 313G n i B2 B K, 2016
AE L 2015 2014 4E43 548K 3. 40% 3.27% .
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Tab.3 Soil bulk density of four treatments

in different years g/cm’
Ay Ak 7 0~10cem 10 ~20 em 20 ~30 ¢cm 30 ~40 ¢cm
CNT 1.24" 1.50° 1.57° 1.61°
NT 1.20° 1.28" 1.39° 1.45°
2014 4
STNT 1.18" 1.27° 1.34° 1.41°
CSNT 1.20° 1.28° 1.36" 1.42°
CNT 1.26" 1.51° 1. 54% 1. 60"
NT 1.26" 1.31° 1.36" 1.43°
2015 4
STNT 1.21° 1.28" 1.33" 1.40"
CSNT 1.23° 1.29° 1.35" 1.41°
CNT 1.23" 1.59* 1. 60° 1. 60°
NT 1.32b 1.39° 1.41° 1. 44°
2016 ﬂz L I I I
STNT 1.29" 1.35" 1.38" 1.41°
CSNT 1.30° 1.37° 1.39" 1.43°

BN, 3 My 2014—2016 4F 4% b B 4 4 B s
FE V28 . dr TR 3 RT I ER E OR B
3 KSR i KRB NFEAS R I A : CNT NT ,CSNT
STNT, H CNT 4k 3 5 ¥ + 3¢ %% 52 8 4> B b NT,
CSNT . STNT &b 38.2% (P <0.05) .58.9% (P <
0.05) .59.4% (P <0.05), NT Wb¥ A T K.H
By T 40, FLARVEAT AR (] LR BT R 15 0 , 5 350G
IS Er Ay CSNT Ml STNT 4P, 0 ~ 30 em +
E i KR /NFEI A CNT, NT, CSNT , STNT, Kk F
30 em 4 )2 32 AR BEER BT /N, CNT 4b 2+
$g % 52 BE W] K T H A b #E, fHNT  CSNT  STNT 4b
P (] AS AL B . ph U S B S R R R A s
B SRR B R e R
JEASE G AR T 0 ~30 em 52, F 45 B ] P
RIE B35 2 5

T HEE S /MPa
AT S S S SN S S

& 20
%
+ 30
—=—STNT
| —e—csnr
07—t
—e—CNT

B3 RaERs gL
Fig.3 Changes of soil penetration resistance under

different treatments
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fii o H1&] 4a .4b A1 2014—2016 4 CNT 4k H /N
MK % W]/ T NT STNT  CSNT 4k H, H 8 1&
10 em 747 35 B fix K AR K % )&, CNT | NT, STNT,

CSNT 4bF 7£ 2014—2015 4E 1 2015—2016 4E -
I RAR B8 B2 43 31k 0. 65 .0. 94 .0. 95 .0. 93 em/cm’
F10.42.0.57.0.62.0.60 cm/cm’

i & 4c 4d 1] 50,2014 2015 4F CNT 4P 0 ~
10 em + 2 FORM R T A 4 L2 (P <0.05) &
F NT . STNT . CSNT ZbF , 10 ~20 cm + J2 4% &b # AR
R A5 22 5,20 ~40 ecm CNT 4b #EAR
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JoT 5 H 43 AR 8.9%
3 itig
3.1 EEXNTEAREKHNEIG

CNT 4b 35X - 398 131 58 A 55 5 114 5% il s 345 Oy
2014 4F i FEAR 0 ~ 20 em KRR & ,2016 4
BEFEMRO ~40 em R RIA S &, FEEh TR
X R SR TR ek RO R , ONT A # K M 32
P L CHIPLE VLR 2 R 52, B IR 7E AT
b AR v 5 A SR AE B T AR 0 ) 1 IR
AL, IR TR R RS NT & STNT
AbFE 2014—2016 4F K FT A & i — B AR RRE R K
S H B R AT g R Y O I — AT BB R T
NT K STNT Ab A% 2> 41 3 + 3, 1 58 25 44 % 38 5]
eI 5 3 — J7 T ] fig B T A AF O H ORE % 3 0+ 1
AP, A B T BURLSS #4098 B, G H 2 £ 1
PNZIRRZE B B o R R = I R
2015 .2016 4 CSNT 4L FH 0 ~ 30 em + )2 K M B &
TR EM T NT STNT &b 3, 322 5 (A nl fig & &
it 2O LR 488G 08 R 2 5 4 HE 45 b 2 g
W R RS B AR, A R AT T RS AT 6 1R IR
A PR HBIR G LB E 2 —1ERKY
FUR R
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Fig.4 Root distribution within root zone profile for winter wheat and summer maize in 2013—2016 seasons
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