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Effects of Long-term Tillage on Hydraulic Properties of Typical Black Soils

HUANG Yiting, CHEN Junxi, GAO Yuhao, LI Xinyue, ZOU Zigiang, CHEN Jiazhou'
(College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract:  Objective  Undisturbed woodland and cultivated land soils from vertical and horizontal directions were
collected across different latitudes in typical black soil regions in Northeast China for this research. The objective was to
investigate the effects of long-term tillage in cultivated land on the black soil hydrological degradation. = Method  Nine
typical cultivated land units were selected across three latitudes, including Jiusan Farm Management Area in Nenjiang
(48°46'N), Hailun (47°30'N), and Bayan County in Harbin (46°23'N). Intact soil cores were collected from 0—15 and
15-30 cm depths in vertical and horizontal directions to determine soil penetration resistance (SPR), and hydraulic
properties (water retention and saturated hydraulic conductivity (K;)). Result Results showed that soil SPR significantly

increased in cultivated land compared to woodland, and the SPR in tillage pan layer (15-30 cm) (897.04 kPa) was
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1.89 times higher than that in woodland. Soil hydraulic properties also significantly decreased in cultivated land, whose soil
available water decreased to 0.15 (0.10-0.21) em*cm™ compared to 0.19 (0.14-0.23) em*cm™ in woodland. Using soil
physical quality index S to assess the over black soil quality showed that S value decreased from excellent 0.061
(0.041-0.094) in woodland to poor 0.025 (0.009-0.040) in cultivated land. The degradation of cultivated land quality was
attributed to the significant reduction in soil organic matter content and significant increase in soil bulk density
(1.31 grem™ in cultivated land vs. 1.03 g-cm™ in woodland). Long-term ridge tillage resulted in a 10 times reduction in K,
in tillage pan layer (6.61 cm-d™"), and this can be attributed to the disruption of balance between tillage and tillage pan layer
and enlargement of magnitude difference for K and bulk density between two layers. Tillage resulted in a lower K in the
vertical direction (64.67 cm-d™") than in the horizontal direction (82.84 cm-d™') in the tillage layer. The K decreased in a
larger degree in the vertical direction and less degree in the horizontal direction. Thus, this heterogeneity of K; in directions
interfered the original water movement direction in tillage layer. The low hydraulic conductivity of the plough pan tends to
accumulate precipitation and produce lateral interflow.  Conclusion  Generally, long-term tillage has severely degraded
the physical and hydraulic properties of the soil. The huge difference of soil compactness and K between the tillage layer

and plough pan produced an artificially stratified soil in cultivated land. The limitation of water infiltration is a dominant

reason for the “furrow effect” in cultivated land.

Key words: Soil water; Typical black soil; Soil physical properties; Soil erosion; Saturated hydraulic conductivity
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Table 1 Characterization of soil profile at different layer of woodland and cultivated land

X bk - H Oy 5 LR LA AL WiRiZH R Particle composition/% U
Soil layer/ Bulk density/ Organic matter/

Region Land use o ( gem®) ( ekg') 0.002mm  0.02~0.002mm  >0.02 mm Soil texture
T b (n=12) 0~15  1.16£0.034c  55.79+4.38a 30.37+1.28a 46.99£2.12a  22.64+1.10c  FiE+
Nenjiang Woodland 15~30  1.17+0.024c  52.88+5.73b 27.71+1.47¢ 44.97+2.94b  27.3242.55b it
B (n=24) 0~15  1.38+0.011b  47.24+2.6l1c 29.90+2.40b 43.55£3.11b  26.55+4.07b  ZhffEt+
Cultivated land 15~30  1.46+0.020a  48.03+2.18¢c 27.15+2.56¢ 42.94+4.87b  29.91+3.93a  FhifEt+
M8 Hailun ~ #kHb (n=12) 0~15  0.84+0.017c  45.77+2.67a 30.66+2.34c 48.47£1.97a  20.87+1.28b  FhifEt+
Woodland 15~30  0.87+0.006c  47.13+1.69a 33.78+1.85a 4529+2.45b  20.93+1.66b  FhiEt
Bt (n=24) 0~15  1.20£0.026b  39.51+2.03b 32.55+1.86b 46.75+1.87ab  20.70+1.49b  ZhiE L
Cultivated land 15~30  1.28+0.024a  40.86%2.38b 32.9142.34b 45.11£1.57b  21.98+1.27a  Zhiffit+
W IR IS Mt (n=12) 0~15  1.05+0.012c  41.34+2.88a 30.02+1.54b 48.88+1.03a  22.10+2.09ab  FhifE+
Harbin Woodland 15~30  1.08+0.021b  43.22+1.56a 31.47+1.34a 47.65£1.96a  20.88+1.57c  FhfEt
i (n=24) 0~15  1.21+0.036a  32.36+2.53b  31.20£2.07ab  46.32+£2.06b  22.48+2.49a ZifE+
Cultivated land 15~30  1.31+0.082a  33.90+2.01b 30.81+1.54¢ 48.05+1.58a  21.14+2.18bc  FiifE+

T FSUA R AR A E X 22 55 3% (P<0.05), FE.

differences between different regions ( P<0.05) . The same as below.

Note: Different letters in the same column indicate significant
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Fig. 1 Penetration resistance of 0—15 cm plough layer and 15-30
cm plough pan in cultivated land
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Fig. 3 Soil water characteristic curve of woodland and cultivated land
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Table 2 Soil hydraulic characteristic parameters of woodland and cultivated land

TIERR
X b AATR o/ 6,/ 0y FC/ WP/ AWHC/
Soil layer/ n
Region Land use em! (em*em®)  (em*em?®)  (em’em™) (cem*em?®)  (em*em?®)
cm
o Mt 0~15 0.55+0.199  1.13£0.009 0.00+£0.000 0.56+0.006a 0.41+£0.011a 0.244+0.005b 0.17+0.011a

Nenjiang ~ Woodland 15~30  0.58£0.298 1.14+0.008 0.00+0.000  0.47+0.004b  0.35+0.004c 0.21+0.003c  0.14+0.001b
HlHh 0~1 0.36£0.049  1.10£0.011  0.00+0.000  0.44+£0.038c  0.29£0.016d 0.17£0.002d  0.12+0.016¢

Cultivated land  15~30  0.17£0.031 1.07+0.088 0.00+0.000  0.44+0.039c  0.37+0.028b 0.27+0.014a 0.10+0.013d

e bk 0~15 0.89+0.034  1.16+0.018 0.00+£0.000 0.57+0.009a 0.41+0.057a 0.18+0.007b  0.23+0.006a
Hailun ~ Woodland 15~30  0.77£0.040 1.15+0.007 0.00+0.000 0.51£0.008b 0.38+0.045a 0.18+0.009b 0.20+0.017a
b 0~15 0.30£0.065  1.19+0.051 0.02£0.012  0.49+0.009c  0.31£0.013b 0.19£0.016b  0.21+0.008a

Cultivated land  15~30  0.52+0.163  1.09+0.004 0.00+0.000 0.49+0.013¢c  0.40+0.015a 0.26+0.008a 0.14+0.010b

M IR bk 0~15 0.37£0.022  1.27+0.045 0.04+0.013  0.53£0.003a  0.40£0.017b 0.20£0.006b  0.20+0.009a
Harbin ~ Woodland 15~30  0.3240.018 1.21+0.010 0.00£0.000  0.50+0.012ab 0.37£0.016b 0.18+0.011c  0.19+0.011b
B 0~15 0.12+£0.023  1.23£0.035 0.01+0.009  0.47£0.009b 0.29+0.012¢c  0.20£0.009b  0.19+0.016b

Cultivated land  15~30  0.11£0.011  1.11£0.033 0.00+0.000  0.52+0.032a 0.45+0.018a 0.30+0.035a 0.15+0.005¢

T a AR SEBEL, o AROKIMETRSE, 0.5 0,0 BIARAR SR SIEME KT, FCRHMMFKE, WP HEET,

AWHC N KA E /KT . Note: o is the inverse of soil air entry value, n is the shape parameters of water retention curve, 6,and 6, are

residual and saturated water content respectively, FC is field capacity, WP is wilting point and AWHC is available water holding capacity.
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Table 3  Soil hydraulic characteristic parameters of different layers and sampling directions of woodland and cultivated land
ke R
T 5 X al 0,/ 0y FC/ WP/ AWHC/
Sampling Soil layer/ n
Land use type cm! (em*em™®) (em*em™) (em*em™) (em*em™)  (em*em™)
direction cm
M (n=18) TP 0~15 0.61£0.101 1.19+0.043  0.00+0.000  0.55+0.018a 0.41+0.003ab 0.21+0.018c 0.20+0.011a
Woodland Vertical  15~30 055+0.098 1.18+0.022  0.00+0.000  0.49+0.010b 0.37+0.009bc 0.19+0.001d 0.18+0.004b
K 0~15 0.05+0.041 1.23+£0.066  0.10+0.000  0.50+0.023ab 0.42+0.006a 0.26+0.084b 0.16+0.021bc
Horizontal 15~30 0.30+0.085 1.13+£0.004  0.00+0.000  0.52+0.040ab 0.38+0.005b 0.22+0.008c 0.16+0.027bc
B (n=18) T 0~15 0.26+0.072  1.17+0.038  0.01+0.000  0.47+0.015¢ 0.30+£0.007c¢ 0.19+0.009d 0.11+0.039c¢
Cultivated Vertical  15~30 0.27+0.014  1.09+0.012  0.08+0.060  0.48+0.023¢ 0.41+0.023ab 0.28+0.014a 0.13+0.017c¢
land IKF- 0~15 0.04+0.011 1.11£0.004  0.00+0.000  0.42+0.009c  0.38+0.005b 0.26+0.002b 0.12+0.010c
Horizontal

o N HHEESEBE, o BEOKMEIERSE, 0,5 0,00 WBRARCKES WM S KA, FC HHMEIKE, WP HEE M,
AWHC Wi KA R & /KE . Note: « is the inverse of soil air entry value, n is the shape parameters of water retention curve, 6,and 6 are

residual and saturated water content respectively, FC is field capacity, WP is wilting point and AWHC is available water holding capacity.
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A1 F7K R Saturated hydraulic conductivity/(cm-d™)

7Kk # Hydraulic conductivity/(cm-d™)
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Fig. 5 Unsaturated hydraulic conductivity curves of woodland and cultivated land
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