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Spatial Distribution and Influencing Factors of Soil Hydraulic Parameters and Related

Physiochemical Properties in River-nearby Plain

SHI Changqing'?, ZHANG Hailin?, HAN Yurong'?, CHEN Yu'?, WEI Yaqing'?, WANG Ping'? XIE Xuan'? LIU Ji'?
LIU Muxing'?, YI Jun"**

(1 Hubei Provincial Key Laboratory of Geographical Process Analysis and Simulation, Wuhan 430079, China; 2 School of
Urban and Environmental Sciences, Central China Normal University, Wuhan 430079, China)

Abstract: To study the spatial distribution characteristics of soil hydraulic parameters and their influencing factors, the typical
agricultural area near the Yangtze River in Jianghan Plain was taken as the study unit, the undisturbed and disturbed soil samples
were collected from shallow layers (040 cm) of different farmland types, and the hydraulic parameters and related
physiochemical properties were determined, then the spatial distribution characteristics of hydraulic parameters and their relation
with physiochemical properties were studied and compared. The results showed that the basic physicochemical properties of soil
(soil mechanical composition, organic matter content, bulk density, diameter >0.1 mm and >0.3 mm large pore content) and
hydraulic parameters (saturated water content (6;), residual water content (,), water characteristic curve fitting parameters o and
n, field water holding capacity (), wilting soil water content (6,,) and maximum effective water content (€,yw) in the study area

had apparent spatial heterogeneity. The physical and chemical properties of soil mechanical composition, organic matter content,
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and bulk density were strongly correlated with the distance from the river. The spatial distribution characteristics of
diameter > 0.1 mm and >0.3 mm large pore content, & and 0,, Oy and 8,y were similar. Organic matter content, bulk density and
macroporosity with a diameter >0.3 mm significantly differed among the different land types. Differences in soil physiochemical
properties significantly affected K and moisture profile parameters (especially 6, and n). The paddy and dry fields had better
infiltration performance with the highest median K (18.7 cm/h), and the K of other fields had little difference (9.2—10.5 cm/h).
The vegetable field had the strongest water-holding capacity with higher 6; (0.46 cm’/ecm®), 6,, (0.07 cm*/cm?®) and O,y (0.39 cm’/em?®),
and soil hydraulic parameters of other plots had little difference. The distribution of alluvial deposits significantly affected soil
mechanical composition and had some influences on the distribution of bulk density and organic matter. Human farming activities
significantly changed soil organic matter content, macropore porosity and bulk density, but little influenced soil mechanical
composition. The distribution characteristics of hydraulic parameters were affected by the combination of natural factors and
human activities. In conclusion, the distribution characteristics of alluvial deposits need to be considered for soil surveys and
agricultural production planning in agricultural areas near the river.

Key words: Soil physiochemical properties; Saturated hydraulic conductivity; Water characteristic curve; Water constant; Spatial

heterogeneity; Farmland
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Fig. 1 Study area location, land use types and sampling sites
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Table 1  Soil basic physiochemical properties of various farmland types
MR LZEHRE AYLBEE T IEHUBLL AL(%) AE RALBE (%)
(cm) (eke) WhL Bk ok (glem’) S0.0mm  >03mm
i H 0~10 28.2+9.2ab 353+ 11.5ab 48.0+7.4ab 16.7+6.5a 1.24+0.21d 6.4+3.2ab 3.6 £2.3 abc
10~20 20.6+10.0bcde 33.0+13.9ab 46.7+7.5ab 203+9.8a 1.42+0.20abcd 3.3+£2.2bc 1.7+ 1.4 bed
20 ~30 13.6+8.1def 32.7+125ab 475+7.0ab 19.8+98a 1.53+£0.14a 19+12¢ 1.0+1.0d
30 ~ 40 103+6.1def 364+182ab 442+124ab 195+13.5a 1.49+0.10ab 4.1+51abc 1.6=1.6¢cd
B 0~10 26.1 £6.6abc 333+133ab 45.0+£99ab 21.7+174a 126+0.11cd 55£2.7abc 3.1 +2.1abcd
10~20 184 +54bcdef 29.0+126ab 493+75ab 21.7+104a 1.43+0.15abcd 3.6+£3.3abc 2.1 +2.3abced
20 ~ 30 132+3.6def 30.0+155ab 462+83ab 23.8+134a 147+0.11abc 3.3+2.8Dbc 1.5+13cd
30 ~40 86+£33f 332+183ab 451+108ab 21.8+13.2a 148+0.15abcd 4.8+4.1abc 2.3+2.3abced
B3 0~10 31.1+882a 27.7+85ab 51.1+57ab 212+75a 127+0.13cd 5.6+19abc 4.0+1.7ab
10~20 26.1+19.2abc 24.6+9.0ab 52.1+49ab 234+96a 129+0.16bcd 42+13abc 2.3+0.5abcd
20~30 159+7.5cdef 273+92ab 512+52ab 21.5+9.1a 137+020abcd 3.0+2.0bc 2.1+ 1.6abcd
30 ~ 40 14.7 £ 9.6 def 21.9+45b 541+40a 240+57a 141+0.10abcd 2.7+1.8bc 1.6+£1.2cd
PR 0~10 20.6+5.1bcde  394+164a 447+10.1ab 159+84a 137+0.09abcd 56+3.0abc 2.7+ 1.6abcd
10~20 19.5+5.6bcdef 402+227a 399+105b 199+165a 136+0.09abcd 6.8+72ab 3.6+3.1abc
20 ~30 13.4+3.1def 33.4+200ab 420+92ab 247+185a 142+0.07abcd 75+70a 41+43a
30 ~ 40 9.4+33ef 403+21.7a 425+12.1ab 17.2+13.0a 145+0.14abcd 6.6+£7.7ab 3.4+42abc
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Fig. 3 Soil K of different farmland types at various soil depths
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Fig. 4 Soil water characteristic curves of different farmland types at various soil depths
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Table 2 Soil hydraulic parameters and water constants of different farmland types
MMM + 2R (em)  O(cm’/em’)  O(cm’/cm’) a(=) n(-) Ocm’/cm’) O(cm’/cm®) Oaw(cm’/cm?)
fEH 0~10 0.48+0.07ab 0.03+0.01a 0.10£0.09a 1.19+0.07ab 0.31+0.10c  0.06 £0.02 abc 0.25+0.10 bc
10 ~20 0.47+0.06ab 0.03+0.0la 0.03+£0.04a 1.17+0.05b 0.41=+0.11abc 0.06+0.02 abc 0.35+0.11 abc
20 ~ 30 0.44+0.06ab 0.03+0.0la 0.04+0.07a 1.17+0.09b 0.44+0.15abc 0.06 +0.02 abc 0.38 £0.16 abc
30 ~ 40 0.44+0.08ab 0.03+0.02a 0.03£0.03a 1.27+0.17ab 0.32+£0.18 bc 0.06 £0.02 abc 0.26+0.17 bc
i 0~10 0.46+0.03ab 0.03+0.01a 0.10+0.18a 1.18£0.06ab 0.33+£0.10bc  0.07 £0.02 abc  0.26 + 0.09 bc
10 ~20 0.44+0.06ab 0.03+0.0la 0.05£0.08a 1.18+0.10ab 0.40+0.13 abc 0.06 £0.02 abc 0.34 £0.13 abc
20 ~ 30 043+£005b 0.03+0.0la 0.03+0.03a 1.19+0.07ab 0.37+£0.13bc 0.06+0.02abc 0.31 £0.12 bc
30 ~ 40 043+0.07b 0.03+0.0la 0.04+0.06a 1.26+0.19ab 0.31+0.13¢ 0.06+0.03abc 0.26 £0.15 bc
S Hh 0~10 0.45+0.03ab 0.04+0.0la 0.09+£0.09a 1.14+£0.02b 0.39+0.04abc 0.08+0.03a 0.31 £0.05 be
10 ~ 20 0.50+0.04a 0.04+0.0la 0.05+0.02a 1.12+0.02b 0.46 +0.06 ab 0.08+0.04a 0.38+0.08 abc
20 ~ 30 0.46+0.09ab 0.04+0.0la 0.04+0.03a 1.12+£0.04b 0.52+0.06a 0.06+£0.03abc 0.46+0.07a
30 ~ 40 043+0.04b 004+0.0la 003+0.03a 1.14+006b 046+0.11ab 0.07+0.04abc 0.40=+0.11 ab
pzS:th 0~10 0.47+0.03ab 0.03+0.02a 0.04+0.02a 1.17+£0.07b 0.34+0.15bc 0.05+0.02abc 0.28 +0.14 be
10~ 20 043+0.05b 0.03+0.02a 0.06+0.05a 1.22+0.16ab 0.31+0.18¢c  0.07+0.04 abc  0.24+0.16 ¢
20 ~ 30 0.44+0.03ab 0.03£0.01a 0.12+0.16a 1.24+0.24ab 0.31+0.19¢ 0.08+0.02a 0.27 +£0.18 be
30 ~ 40 0.46+0.08ab 0.03+0.02a 0.04+0.06a 1.35+0.09a 0.36+0.22bc 0.04+0.02 ¢ 0.32+£0.20 be
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Fig. 5 Correlation analysis between partial soil physiochemical properties and distance from Yangtze River
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x3 ITBRAKHNSEEBUERBEXED

Table 3  Correlation analysis of soil hydraulic parameters and physiochemical properties

K A 0. a n O Oy Oaw

EERiINDiR=s s 0.153 0.349™ 0.134 0.179" -0.267" 0.161" 0.108 0.132
U TRee 0.119 -0.322" -0.721" 0.023 0.540" —0.653" -0.308" -0.622"

b E A -0.148" 0.316" 0.540™ -0.01 -0.451" 0.521" 0.275™ 0.489"
RkL -0.036 0.175" 0.521" -0.021 -0.352" 0.445™ 0.180" 0.429"
R -0.161" —0.689" —0.123 -0.349™ 0.254" ~0.093 -0.074 —0.081

>0.1 mm KFLF& it 0.185™ 0.114 -0.320" 0.638" 0.266" -0.501" —0.154" —0.4717
>0.3 mm KALP 5 &= 0.154" 0.189" —0.194™ 0.769" 0.094 -0.319" -0.099 -0.290"

e * FRAEMER P<0.05 WEIKF, ** FRoRASePER P<0.01 B E K,
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