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Effect of No-till Farming on Soil Structure in Rice-rapeseed Rotation System
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Abstract:  Objective Soil structure is an important factor affecting movement of water, gas and nutrients, root growth, and soil
biological activities in the soil. Reasonable tillage is an important farming practice to create soil structure favorable to crop

growth. No-tillage has already demonstrated to improve soil structure and soil biodiversity in upland fields. However, so far few
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studies have reported effect of no-tillage on soil structure of paddy fields. This study was conducted to explore effects of
no-tillage on the structure of a paddy soil in a rice-rapeseed rotation system. Method Based on a 4-year(2016-2019)tillage field
experiment in the Dongting Lake area of North Hunan, effects of rotary tillage (RT) and no-tillage (NT) on soil pore structure of
the plough layer (0-25 cm) of a paddy soil were investigated using the X-ray CT imaging technique. Soil aggregate stability was
also evaluated using the Le Bissonnais fast wetting method. Result The soil organic carbon content of the top soil layer (0-5 cm)
in the RT and NT treatments was 34.3 g-kg™' and 34.4 g-kg™, respectively, which were higher than those of the other soil layers.
Compared with the plots under RT, the plots under NT had a slightly lower soil bulk density in the 0-5 cm soil layer (P>0.05) ,
and significantly more>2 mm soil aggregate in the 0-5 cm and 5-10 cm soil layer. Tillage significantly affected soil macroporosity
(>25 pm). Compared with the RT treatment, the NT treatment significantly increased soil macroporosity by 78% and 115% in the
0-5 cm and the 5-10 cm soil layer, respectively. Soil pore size distribution was also greatly altered by tillage practices. The NT
treatment increased macroporosity of each of the pore size fractions in the 0-5 cm and 5-10 cm soil layers, especially increased
the 300-500 um macropores in the 0-5 cm soil layer and the 25-300 and 300-500 um macropores in the 5-10 cm soil layer by
70.5%, 82.8% and 167.2%, respectively. Conclusion  Our findings show that no-tillage in paddy field improves soil

aggregate stability and increases macroporosity of the topsoil, which are beneficial to improvement of physical structure of the

paddy soil.

Key words: No-tillage; Paddy soil; Micro CT; Pore structure; Aggregate stability
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AR AT 0~20 cm +)2 HHEFARFALPE LR 1,
I KA (6 A FAjZ 10 Arf)) -l (10
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H 2013 4EFF 4R 5247 /KR8 AR R 2 ek . AR T
2016 4EFF4G, FESCHE T 3 AR A Sepk SR AL I E R
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Table 1 Basic physical and chemical properties of the studied soil

HLARZH i IRy
e A BBk Organic
Mechanical composition /% Available nutrient/ ( mg-kg") pH
Soil type carbon/ (gkg!')
kL Sand WL Silt Fiki Clay WA N HRms P WS K
JRE VTR 7 /K B
3.7 44.4 51.9 240.3 11.9 84.2 27.3 7.9
AH "

(DEndogleyic Hapli-Stagnic Anthrosols

1.2 HEmRESLE

T 2018 4F 5 H KR R AR AR e ME 0, A
KIXNR AT HUREYS . ) PVC T (75 5 em,
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FAPR SR BT 1k K 378 K o TRIBSREE 5 N2 RN
IRA HHERES DR IXNHE S TR IR AE 9 A,
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48 h 5 B T EIIBEACT, 3533 kPa, P15 B
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USA ) FEAR 4, FfimER 110kV, BN
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M TRER A B, N0 B 3600 SJiERE, fEit
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Image) FAFIEAT R UL B, (L4538 Jinx) b fnep
HUEDE . N T REGORFE R RE S LR,
HURE S ]334 1 200% 1 2001 200 14 TTAE g 8%
BRI I AT EAR 53 Mr . R Default [ {8 5313507
XF G AT 43 #0115 3 MR, FLBREE R Volume

Fraction ffifF 115, FLBEIK /NG Kl FH Thickness #fi
ET5
14 TEAE, RS E. ARG, HREEN
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Ki/NDVEASBEIET 40 CHUFETPHET 48 ho HEF
& EAEE TEM (LRI 3. 20 1, 0.5, 025
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idsk, R T ARG FEE EA (Mean
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n
7
MWD = —’7‘12 o,
i=1

Kb, n R BB r 85 AT LA mm ),
m; A i A F LR EE S (%),
1.5 SitHWAE

K RStudio 1.1.456 X 52650 0047 481143
Bro PHERIRTE M FIFLBR K /N A S48 b 14 [ — +
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o3 ) il wilcox.test (FUHRAFTEIESM ), T3
A AL AN 35 LR 4[] — Ab AN [R]A 4- J2 8] 1)
T 2R H one-way ANOVA, 45 A9 1E 25 P46 56
X Fi Shapiro-Wilk test, 77 2 5% ¥ & % R A
leveneTest, 1] TukeyHSD #t17£ H ik, WM
IKF- 0.05,

2 ZER58

2.1 HHEAXXIAKBLBIEREHBRIZ G

G BE R BERRAE LT H A E A 1 R, bk
Ao P (1 18 75 R S UR B BB Ok, H 0~
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WhEE0~15cm £ LRI LA E Y LR E 2R, A
TE 15~20 cm + 2048 B EW K, O% i THHME
e A2 T8 SHEda L, kb 0~5 cm
TR IR ERALT 5.1%, (H b B ] Rk 3 B
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( P<0.05), Hofth + 22 5 kb 3 6] JC i % 2% 5 . Denardin
EROLE S X Bk 14 4 BORE B 9T & B, SR Ak B
FAR T R HIERE, X 5~20 cm +EEHA T
&R R, S B PIAE IS RS 0~5 cm
T RFEE P EEREIL T 3.55%, SARMFY
—3, TR Z BN RS, AR
WY SR LRI, & LS RUE PR
A, MR T RZLIEAAEE, 10~15 cm +JZ
T B T e, R R e s T
P2 L3, SEEERT R,

Bl 2 AN FEFHE T XA R )2 0 55 6l
Wi . BERFS A B R A HLER A Y
B, i 34.3 gkg ' Ml 34.4 gkg ! B TRE
M3, - HEA PLEK & =R W . BRERIZS,
HoAth 2 S B b B9 HLAR 7 B Y W KT e
AEEE ( P<0.05). 45593 WIAE i A6 1E X A #F A 3K
P R A LR & 5 1 25T R I b e g 4R
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Fig. 1 Effects of tillage on soil bulk density relative to tillage
method and soil layer
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0.05), /NEFRER AR 1 2 A R ab BRI 1 22 5 w1 (P <
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differences between different soil layers under the same tillage
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B2 AFEBHE IO R 12 A LR & e 10 52
Fig. 2 Effects of tillage on soil organic carbon content relative to
tillage method and soil layer
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0~5 Fl1 5~10 cm, FEFFALF>2 mm H B H45 5
H 72.0%. 64.0%, GHFALELSHN 87.0% . 77.0%.
e BA L, SRR S T 0~20 cm )2
>2 mm R R E S, LHRTE 0~5 Al
5~10 cm T2, BAHLBES AL 534 T 19.8%.
19.4%, iK% T WEMAKFE (P<0.05), AREH A
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BEIBHEAL (32 2). SHERAHLL, Sphab i n %
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P IR EE 20 R 14.6%F1 14.1% (P < 0.05), W] %
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B SRR TR E M, X A R £ AR
SFUIRE T AN R 2 R SRR T SRR
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SE (1 A A, (A AT SR 1) DR A SR A AT R B2
Besh, T RZBANTS, el Dijedt %
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R2 TREBHEREN AR LEKRERARES HIREEHRE

Table 2 Effects of tillage on water stable aggregate size distribution relative to tillage mode and soil layer

IKFRME SRR TN M1 /%

12 b3
Water stable aggregate size distribution MWD/mm
Soil layer/cm  Treatment
>2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm

0~5 RT 72.00 £ 0.04 b 18.00 £ 0.03 a 8.00+£0.01a 2.00+0.00 a 299+0.14b
NT 87.00+£0.02 a 7.00£0.01b 5.00+£0.01b 1.00£0.01 a 3.50+£0.08a
5~10 RT 64.00 £ 0.03 b 22.00+0.02 a 11.00 £ 0.00 a 3.00+£0.01a 2.68+0.08b
NT 77.00 £0.02 a 13.00+£0.01 a 8.00+0.01b 3.00+£0.01a 3.12+0.09a
10~15 RT 56.00+0.12 a 26.00 £ 0.07 a 14.00 £ 0.04 a 4.00+0.01 a 240+041a
NT 66.00 +0.02 a 18.00 £ 0.01 a 12.00+£0.01 a 4.00+0.01 a 2.75+0.08 a
15~20 RT 41.00+0.02 a 31.00+0.02 a 22.00+0.03 a 6.00+£0.01a 1.86 +0.12 a
NT 47.00+0.11 a 24.00+£0.05a 22.00 +0.05 a 7.00+0.01 a 2.01+0.38a
20~25 RT 38.00£0.04 a 26.00 £ 0.01 a 28.00+0.02 a 8.00+0.02 a 1.71+0.15a
NT 28.00£0.05b 27.00+0.01 a 33.00+£0.03a 11.00 +0.01 a 1.33+0.18 b

W [FPVBUR G A R B2 m [ — L2 AR A B e 2% 5 5035 (P<0.05), BUER MM + friiiR KR, MWD: FHF& R,

Note: Different letters affixed to the data in the same column mean significant differences between different tillage modes in the same soil

layer ( P<0.05) and data shown in the table are of mean # standard deviation, MWD: mean weight diameter.
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P W 2R, AR T HIERZ
e | B B 220, ke ] A R — - SRR Y 22D Bk
F )2 TP S A ML S 0 220 LR 2R R B0 2k
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2D
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20~25 cm

e RT FRjedh, NT #afdl; 4K E R & T 0 L, WA H3EFLBT. Note: RT stands for rotary tillage,

NT for no tillage. The light-colored part of the two-dimensional gray scale image indicates soil matrix, and the dark part, soil pores.

B 3 SEBHER R E R AR £ =48 (30 mm>30 mm) M =ZE55H) (30 mm*30 mmx30 mm ) H9520H

Fig. 3 Effects of tillage on 2D( 30 mmx30 mm )and 3D( 30 mmx30 mmx30 mm )structure of paddy soil relative to tillage method and soil layer
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Fig. 4 Effects of tillage on soil macroporosity relative to tillage
method and soil layer

A HERALBR AR (B 5 )R A Y, 0~25 em

6] 4% 2L 25~300 um LA A KFLERSE £, HBE
HILRMIER, KRILBUEZEEAC . SHEktH L,

SRR AN T 0~5 F1 5~10 em + 2R DFLERNE
Bl B9 R ALBREE , 0~5 em + )2 300~ 500 pm L%
B RALBREE N T 70.5%, 5~10 cm +J2 25~300
1 300~500 pm FLAEAYKALBR 5351380 T 82.8%
M 167.2%, ¥Ik3| T B EFMEZE 7K. AR LE
>2 000 pm A9 58 R ALBRAEAS [7] Zb 2 R] 22 AR K,
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Fig. 5 Effects of tillage on pore size distribution relative to tillage method and soil layer
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