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Effects of different tillage systems on soil hydrothermal regimes in rain-fed field

of Inner Mongolia
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Abstract; Soil hydrothermal regimes can be used for assessing the sustainability of agricultural ecosystems. The objective of
this study was to determine the influence of five tillage practices ( no tillage low stubble (NL), no tillage high stubble
(NH) , no tillage high stubble with residues (NHS), no tillage low stubble with residues (NLS) and conventional tillage
(CT)) on soil temperature and soil moisture content in a degraded oat slope field under dry conditions. Samples taken were
at soil depth of 0 —80 cm and 0 — 100 cm layer in the Qing Shuihe county of Inner Mongolia for a period of 4 years. Data
were analyzed by the Kriging interpolation method in the SUFER software. The results showed that: (1) There was a
significant effect of no tillage with residue on soil temperature and soil temperature followed diurnal variation depending on
the season although the magnitude decreased with soil depth. Maximum value of the surface soil layer (0 — 10 cm) was
17.6 —34.0°C ; the soil temperature was lowest at 06:00, the maximum value at 15:00; (2) During whole growth period,
soil moisture content of NHS increased by 7.37% , NLS by 5.93% compared to CT; At seeding stage, soil moisture content
increased with soil depth up to a depth of 100 c¢m, at the tillering stage, it was low in 0 —20 cm, at flowering stage it was
low in 0 —40 cm depth, followed by a gradual increase up to 100 cm depth. The moisture content also was affected by
season and with the rainfall. (3) Thermal capacity increased as soil organic matter increased and the NHS had a buffering
effect on the soil temperature. (4) In rain-fed areas of the Yellow River basin this study will help the farmland

management .
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Table 1 Effects of long-term different tillage styles on soil physical-chemical properties in the 0—20cm Soil layer
AL s EX0 BARR A AL AHE g
gl Organic Total Total Available Available Available Bulk N
. . . . Porosity
Treatments matter nitrogen phosphorus nitrogen phosphorus potassium destiny o
0
Jgkg™)  /(gkg)  /(gkgT')  /(mgekgT')  /(mgkg™)  /(mgekgT')  /(grem™?)

NL 11.45 cC 0.56¢C 0.43 cC 38.19 cC 4.65 dD 122.20 cC 1.50 aA 43 bB
NLS 11.78 bB 0.64bB 0.46 bB 44.39 bB 5.10 bB 127.92 bB 1.49 bB 44 aA
NHS 12.10 aA 0.70aA 0.53 aA 45.19 aA 5.93 aA 134.68 aA 1.48 bB 44 aA
NH 11.52 ¢C 0.54 cC 0.48 bB 38.11 ¢C 4.80 cC 120.57 cC 1.51 aA 43 bB

CT 10.96 dD 0.49 dD 0.43 cC 35.10 dD 4.35 eE 118.86 dD 1.52 aA 43 bB

[FIZ /NG RSCFEER R P <0.05 KPR EBE, RETFEER P<0.01 /KP25 83 NL AR B IR NLS R R 5
NHS R St B i o A NH ARGk B w72 . CT RBAEGEAHE, TR

2 BRESH
2.1 XEBFEWEKIELZBRFIRHIDEL
2.1.1 2000—2007 4 /K EL R B 78 & B ah S

HR4E 2000—2007 S B Fr 4 il 1 i AR BRI B R & Bah A E (B 1) /T LUE H,2003 F78 K
BN FoAB ARy #35) 2000 mm DA E o FERTE L 2003 4E5K,2005.,2006 Fil 2007 3 3a K T B 72
430 mm P, 4EEHSIE 2005 .2006 F1 2007 AEAEXTRE , LA 2006 E 1551 8.6 C,
2.1.2 2008 4EiE/K I B R & R IR AEL

HRAE 2008 4B P il s R T = A0 A SF RIS ZEE (B 2) FTUAE %X 4P 2R E
J910.3 °C,7 A F¥S AR, 7 23.3 C,1 AR FHSERM, 7 -9.6 C,HEE32.9 C, ERERR
HIAET A6, R 121.3 mm, B AR HIAE 3 A 4,27 0.0 mm,

140 . - 25
1200 —16 3500 T i N
o 120 |- —e— 3 /‘ — °\ —20
1000 |- 77 W% 14 43000 . o is
—o— R £ £ 100 |- / o
129 IS = \ &
g & 42500 E £ - | 2
£ 800 o—o o 2 g = , 10 3
= o\ — " T {102 2 € 80 g
E e — £ 2000 E £ — 1, &
v g 271503 o do &
Z 400 i bl & 40l |
& 4 1000 K ) 45
200 5 500 0E o ’—‘ 110
0 o o ol les ’_| [ ] 15
2000 2001 2002 2003 2004 2005 2006 2007 0O 1 2 3 4 5 6 7 8 9 10 11
44 Year H 4+ Month
E1 2000—2007 fF£EKMERMERFLZEFRITEN B2 2008 FFKTEFRTERSBIHSEN
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Fig.3 The contour map and 3D wire frame map of soil temperature diurnal variation during tillering stage of oat
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Fig.4 The contour map and 3D wire frame map of soil volume moisture in the growth stage
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Fig.5 The contour map and 3D wire frame map of soil moisture content in the growth stage
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SEE(ERLD) . TIRYERESHRAE(L, (75 b B A o ATk BE T3 3R, 1R AR AU IR BE A AR OK
IR 2 W] K AR HLB A P BB A S, B LA bt B 2 o TR A B IR BEAR B T, T T4
TRERL  AERIRBRER TR FIBEHAENSME B B IR, B R G1G , BT LUTE & Gt 1R Rk 1 A e
1%, SeAF B SR K AR REAR P IR o X LR KRR TR R R BRI 2N, T B )2 TR BE i3 i, S0 57 4
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Table 2 Thermal properties of soil ingredients

W A/ (J-g7 K1) HH/ (kgom™3) AR/ (Jom™>K')  BESR/(Wem LK)
Matters Specific heat capacity Density Thermal capacity Thermal conductivity
235, Air 1.0 1.2 1.2 x10° 0.025

7K Water 4.2 1.0 x10° 4.2 x10° 0.6

7K Tee(0°C) 2.1 0.9 x10° 1.9 x10° 2.2

A Quartz 0.8 2.7 x10° 2.0 x10° 8.8

%5 +5"4 Clay mineral 0.8 2.7 x10° 2.0 x10° 2.9

+ 384 HLJF Organic matter 2.5 1.1x10° 2.7 x10° 0.25

XTI S T RRAE X, F RN, AR TR A ZE i, B R RBUE 5 0 1
Y& E , BT RD, R R K (B 1 E 2) . EESHEXT 34T 2R B BB ABERt , 1 g pa
TERER , 7E KUK H BT R 0K 7 285 R BERARBIR o T St B A0 i A SR /D T 2 R R
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