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Effects of slope gradient on the soil saturated hydraulic conductivity of
sloping land measured by three singlering infiltrometers
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Abstract  Background Soil saturated hydraulic conductivity ( K,) of sloping field is a key parameter
to predict soil and water losses but K_ is mostly measured on the flat land. Therefore directly measuring
saturated hydraulic conductivity on slopes is practically important. The objective of this paper is to study
the effect of slope gradient on K_ by three single—ring infiltrometer methods in order to select a suitable
method for slope land. Methods The slope gradients of 0 5° 10° 15° and 20° in sandy soil

Loessial soil and Lou soil were selected and K, was measured by three single—ring infiltrometer methods
(i.e. two-ponding depth one-ponding depth and BEST methods) which usually were used for flat
lands. All measurements were conducted on undisturbed soil. Results 1) On flat soil surface all

three methods obeyed the same order for K, of different soils as sandy soil > Loessial soil > Lou soil.
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The K, of three soils by single-ring BEST infiltrometer were 2.9 2.1 and 4.5 times which were larger
than those by singlewring two-ponding depth infiltrometer. If cutting—ring infiltrometer was taken as
standard single—ring BEST infiltrometer significantly overestimated the K, of the Loessial and Lou soil

but the results by single-ring two-ponding depth infiltrometer and single-ring one-ponding depth ( 10 cm)

infiltrometer were close to that by cutting—=ring infilirometer. 2) K_ measured by single-ring two-ponding
depth infiltrometer increased with the increase of slope gradient and there was a significant linear
correlation between them. The K, of three soils by single+ring BEST infiltrometer decreased with the
increase of slope gradients and this method was affected distinctly by slope gradient due to the change of
the ponded water area inside the ring. 3) Under flat ground condition the results of single<ing one—
ponding depth ( 10 cm) infiltrometer were comparable to single-ring two-ponding depth infiltrometer but
the single<ing one-ponding depth (5 c¢m) infiltrometer overestimated the results. 4) In sandy soil

Loessial soil and Lou soil there was no significant difference of K, between slope < 10° and flat land by
above 3 methods but significant while slope >10° ( P <0.05). Conclusions Therefore single—ring
BEST infiltrometer is not suitable for measuring K, in sloping field. Single—ring two-ponding depth
infiltrometer or single—ring one-ponding ( 10 cm) depth infiltrometer can be used to correctly measure K_ if
the slope is <10°. Furthermore the calculating equations for saturated hydraulic conductivity by these
sing—ring methods should be revised for the three soils in the loess regions if the slope gradient is >10°.

Keywords: infiltration; soil saturated hydraulic conductivity; slope gradient; single—ring two-ponding

depth infiltrometer; single-ring BEST infiltrometer
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Tab.1 Main physical and chemical properties of soil
Soil properties Sandy soil Loessial soil Lou soil
Total porosity /% 39.40 £1.05 44.00 £1.50 48.23 +£0.73
Sand /% 84.25 +1.05 52.50 £2.41 2.33 +£0.02
Silt/ % 6.46 £0. 66 35.79 £2.52 64.24 £2.19
Clay /% 9.29 +£0.39 11.71 £0. 11 33.43 £1.69
Bulk density/( g*cm ~%) 1.61 £0.03 1.48 £0. 04 1.37 £0.02
Organic matter/% 0.19 £0. 02 0.22 +0.19 1.84 +0.03
n=5. Notes: The number of samples n =5.
2.2 kan Haverkamp
2.2.1 . Beerkan BEST-
slope BEST-intercept 2 BEST-
K, slope ',
o Reynolds 2.2.3
K, 0, DPS 7. 05 3
Q.= (KH+®,) +7rK,; (1) k.
G (P<0.05) Excel 2010 - Origin
G:O.316%+0.1840 (2) 2016 .
L0, cm’ /min; 7 r= 3
7.5cm cm, H cm, d 3.1
d=6.0cm cm; @, . . K, 0.070 4 ~
em’ /min; K, om /min, 0.2317 cm/min ~ .0.058 6 ~0. 126 1 cm/ min
2 (H) 0.0155~0.073 4 cm/min . 3 20°
(Q.) K, 0°K. 2.3 .1.0 3.7 (1 2~4).
D . Nimmo 3 K.
no K", (1.
2.2.2 BEST 3 K, ( 2~4) 10°
BEST Beerkan 10°
K, o Beer— 10° (P<0.05)
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Fig.1 Effects of slope gradient on K  measured by single—ring two-ponding depth infiltrometer
~ ( )
Tab.2 Effect of slope gradient on K, measured by singleing two-ponding depth infiltrometer and single—ring
one-ponding depth infiltrometer ( Sandy soil) cm/min

Slope

gradient/

(

)

Stable infiltration rate ( Single—ring

one-ponding depth infiltrometer)

)

Soil saturated hydraulic conductivity

( Single—ring one-ponding depth infiltrometer)

5 cm

10 em

5 cm

10 em

( )
Soil saturated hydraulic
conductivity ( Single-ring

two-ponding depth infiltrometer)

0.199 3 £0. 046 7b
0. 1458 £0. 024 9b
0.2467 £0. 148 6b
0.5735 £0. 153 9a

0.7307 £0.072 1a

0.2339 +0.043 8d
0.2505 +0.1219d
0.5035 +£0.084 3¢
0.673 0 +0.076 9b

0.8953 +£0. 090 8a

0.1062 0. 024 9¢
0.077 8 £0.013 3¢
0.228 2 +0. 048 8b
0.360 1 £0. 069 9a

0.3058 £0. 038 4a

0.069 9 +0. 021 6b
0.0805 +0.043 3b
0.0956 +0.052 1b
0.1956 £0. 058 4a

0.176 4 £0. 023 8a

0.0704 £0.010 1d
0.1005 +£0.037 8d
0.1424 +£0.014 6¢
0. 1806 +0.096 7b

0.2317 £0.011 1a

differences among different slope treatments ( P <0. 05)

(P <0.05)

n=>5

o Notes: Different lowercase letters indicate significant

and the number of samples n =5. The same as below.

Slope
gradient/

Stable infiltration rate ( Singlering

one-ponding depth infiltrometer)

Soil saturated hydraulic conductivity

( Single—ring one-ponding depth infiltrometer)

5 ¢cm

10 em

5 e¢m

10 em

\ ( )
Tab.3 Effect of slope gradient on K, measured by singleing two-ponding depth infiltrometer and single-ring
one-ponding depth infiltrometer ( Loessial soil) cm/min
( ) ) ( )

Soil saturated hydraulic conductivity
( Single—ing two-ponding depth

infiltrometer)

0.3524 +£0.014 3b
0.357 3 £0. 045 9ab
0.4422 £0. 064 9a
0.368 6 £0.016 Sab

0.429 0 £0. 081 6ab

0.3805 +0.009 4b
0.3899 +0. 064 6b
0.477 4 £0.072 5ab
0.459 0 +0. 054 0ab
0.526 6 +0.061 9a

0.104 6 £0. 004 2a
0.106 0 £0.013 6a
0.1208 £0. 018 3a
0.109 4 £0. 004 9a

0.1273 £0. 024 2a

0.0624 +£0.001 5a
0.068 6 +0.021 7a
0.0717 £0.010 5a
0.0725 +0. 009 9a

0.086 4 +0.010 2a

0.0617 £0.010 7b
0.058 6 £0.042 4b
0.0724 £0.032 1b
0.109 7 £0. 054 lab

0.1261 £0.015 4a
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Tab.4 Effect of slope gradient on K, measured by two-ponding depth of single—ring infiltrometer
and one-ponding depth of single—ring infiltrometer( Lou soil) cm/min
( ) ( ) ( )
Slope Stable infiltration rate ( Singlering Soil saturated hydraulic conductivity Soil saturated hydraulic conductivity
gradient / one-ponding depth infiltrometer) ( Single<ring one-ponding depth infiltrometer) ( Single—ring two-ponding depth
(°) 5 cm 10 cm 5cm 10 em infiltrometer)
0 0.0317 £0.011 8¢ 0.0395 +£0.0119b 0.018 6 £0. 007 2¢ 0.015 8 £0. 004 8b 0.0155 +£0.005 1b
5 0.038 6 £0. 010 2be 0.056 0 £0.013 3b 0.026 8 £0.008 7¢ 0.0193 £0. 005 3b 0.0252 0. 007 5b
10 0.0303 +£0.003 8¢ 0.048 4 £0.0149b 0.0195 +£0. 002 3be 0.0224 +£0. 006 0b 0.026 4 £0. 006 8b
15 0.0517 £0.010 Sab 0.0833 £0.016 4a 0.031 8 £0. 006 4ab 0.033 3 £0. 006 6a 0.0651 £0.023 3a
20 0.063 1 +0.017 6a 0.095 8 £0. 027 0a 0.038 8 £0.010 8a 0.0383 £0.010 8a 0.073 4 £0. 022 6a
>10° 5°.10° ;
( ) 3
75 8 K,
5 3 . o
) (5 cm) 3 K,
iy <iy(t, iy Scm 1.5.1.7 1.2 (10
i, 10cm ) cm) 3 K,
K_2) 9% 1. 01 1.02 .
o (C o
3.2 ) (10 cm)
3 5.10 cm K.
K, 2 ~4 3.3 BEST
(P<0.05):1)5 cm 15°  20° . . K, 0.1031~0.274 6
0° 5° ; cm/min ~0.030 6 ~0.191 5 cm/min
; 20° 0.0504 ~0.086 2 ¢cm/min o K,
0°.5°.10° 0.5°.10° o 2) 10 cm ( 2) . ( 2)
15°  20° 0°. (P<0.05):3 0°.5°
(P<0.05) n =5, Different lowercase letters indicate significant

differences among different slope treatments ( P <0. 05)

2

the number of samples n =5.
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s

Fig.2 Effects of slope gradient on K_ of three kinds of soils by single-ring BEST infiltrometer
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Tab.5 Differences of K, measured by different methods cm/min
Single-ring BEST
Soil type one-ponding depth infiltrometer Single—ring two-ponding Single—ring BEST Cuttingring
5 cm 10 em depth infiltrometer infiltrometer infiltrometer
Sandy soil 0.1062 £0.010 IAb  0.069 9 +0.021 6Ab  0.0704 +£0.010 1Ab  0.274 6 £0. 084 2Ab -

Loessial soil 0.1046 £0.0107Ab  0.0624 +0.001 5Ab  0.0617 £0.0107Ab  0.1915 +0.0515Ba  0.1069 0. 021 3Ab

Lou soil 0.0195+0.0051Bb  0.0158 £0.004 8Bb  0.0155 +0.0051Bb  0.0851 +0.0277Ca  0.0104 +0.003 9Bb

(P<0.05) .
Notes: Different capital letters indicate significant differences among index values between different soils by the same method and different lowercase let—

ters indicate significant differences among index values between different methods in the same soil ( P <0.05) .
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