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Table 1  Physical properties of the soils tested (International classification system)

(0.02 ~ 2 mm)

Ea Pt

Soil types
Sand content( % )

(0.002 ~ 0.02 mm)

Silt content( % )

BH SR

1T
( < 0.002 mm)

Soil texture
Clay content( % )

Kb+ Aeolian sand soil 85. 00

# 1+ Loess 74. 48

2L EALAD 2 X ALY Red soft sandstone 78.20
KA T S5 KAL) Grey soft sandstone 78.37
&R A K E4 White soft sandstone 99. 09

8. 47 6.53 W+ Sandy loam
15.30 10.22 b J5i 4% 1= Sandy loam
13.70 8.10 P JFi3% + Sandy loam
13.34 8.29 B> i3 + Sandy loam

0. 041 0. 87 5 + Sandy soil
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Table 2 Major minerals in the soft sandstones (% )

15 Fap s S A e C¥a) B A FRA
Soil Quartz Montmorillonite Kaolinite Ilite Plagioclase
2T @RS 5 XA H) Redsoft sandstone 60 15.8 2.1 3.3 2.1
KA S5 KAL) Grey soft sandstone 50.5 20 2 3 3.6
F ALY 5 X ALY Whitesoft sandstone 52 30 0 0 10
¥ 1 Loess 71 0 5 4 13
X+ Aeolian sand soil 82 0 4 0 10
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Table 3  Soil bulk density of different treatments (g cm™ )

Wb+ #+ b KAk R+ 5 A KA YR & 4 S A AR &
Aeolian sand soil Loess Soft sandstone Aeolian sand soil with soft sandstone Loess with soft sandstone
1.6 1.32 1.25 1.6 1.45
1.3 HiEaE
KA NE i 26 FH RETC # {4 van Genuchten £ 2 é:FII: %

LR/ Ra

0, -0,
T ab T )
X 0 ARG KR em® em 5 0, RS &K
Hoem’ em Yy 0, MIAIE K, em’ em Y3k O I
KW Sy emsm o, a HAE S, Kk, o HRE R
G EHABRERNE I, a =1/, , b, HFEIW;

0 =20

mzl—L,(n>1)o
n

X} van Genuchten B2 %10 3 (1) W3R 515 H
THE K AR AR
dg L6, -61lmnal ahl "
e T P A TS TR )
Horb,C(h) KA & RS EOLA (1),
PrifEZE R w it E Al
HFrfEZE L& (mm) =
HzE &k a(g) «
JK B9 L EE ( g em ™) x ZZE W (em?)

10

(3)

—EME N, e R L B LIRS

IR HA R O £ IR R ORI R Rk
HHR A

«= T (4)

AP, o WERRIKIE b e i RIZER B, mm; h
B AR R, mm,

JI A5 K ) SPSS 17..0 43 #7, 7K 3 e AiE i 26
RETC # 4 L4 , Excel 2010 145 JF 1 & 5 3

2.1 #EEHRmM TEFKEE AN

- EOK 4y FRAE 1 22 B8 0% AR 4 Hb S w3 Y £
AREEPE . 45 40 B IR] Y 4 EOK 4 R AE B Ze W& 1 pr
R it RETC B AFHLA )5 , 45 4h B 8L & 0 R
YK 0. 95, 18 B £~ 4b B 34738 F van Genuchten 5
RUHEAT 50 BT o

T XA S B S A R B, RIE D S XA
MR K B0, AN B A OK B o6, 4y il E TR £
5.07% ~14.9% . #tAb 75 WALY 0 o« (H /N F K
WAL o HU KT R LM+, XU, 5
AP FEE A A7 H AL ED A KA YRR K BE D R
58, AR G ROK KBS

RS GS WS =it ib 25 KA1 69 4% Jn 43 531 45 XL
WA B oK R R T 20.86% | 13.24% |
5.76% i 5 Wi B S K B ar i 2 K iy 2. 81
fi5 417 %5 2,79 £ . FF S e B =, 0, F1 0, 8
Ko RS.GS Fp 5l ff # + 1 F1 5 7K & A 88 K &
BB T 1.54% 1.56% F181.56% .73.04% , H i %
Ny N N R =N | by N (= W= R b = A W
Yot v 0 5w A7 e oAS W], WS it B T B K
W T 47.18% , WS BN N b ) R K
MR A W3LT i R S K S T
0.7% B FEALFE W1L9 Fl WIL1 &, %5 + i 40 A&
IKEHIEAET 5. 14% F16.55% .

— A S E o (H S T R, iR
B 7K 434 i il 2 422 I 1 RS 45 05 A W (B RlE /D
FHON R, TP A o« R [ERERERN
L A EE RIST F0 WISI B9 o {540 591 85 F X +

http : //pedologica. issas. ac. cn



80

+ b

il 52 %

0. 064 F1 0. 047 , HoAl b BE 44 A [F) 2 BE 980/ o Atk

bt AL P %) 8+ o (1Y

AR, A AL PR o (8

FEIX[A][0.041 0, 0.017 4 J N P Bh . 4R 5k

+-385K % 77 Soil water suction (x100 kPa) 338K W% #7 Soil water suction (x100 kPa)
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Fig. 1  Soil water retention curverelative to treatment
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2.2 REDE R W 0 X £ EEAR TR o BR it vk Bk

A

HRHE2C(2) 15 AR R W ) 45 4 F 4 38 LK 25 &
mEk 4.

M2 4 0] LA H, = Rl e s Xk 8 5k )X +
Fb 7K 25 4k 1Y) 5% T — 3500 R I Le A R e, R B L
K75 N 5 1 EK K S 10 kPa B, 88 0 EE 4]
1 TR AR B K 78 /N F I +,3:7 #0129 5 Fif
LU A5 ) K 5 A= B K 1 T3 7E 20 ~ 30 kPa B XD 119 b

KRS XU L AH A & AR A2 AR /N, 7N
B AL B 4 B A B8 o) R0 HE 9 EE K
AN, K J7 R 10 kPa B, kb B GIL9 A
WI1L9 fy 7K 25 o T o5 =, JHAth Ak 2 D0 ARG 5 G Al
TR UG 129 (1 4b B oK 25 /e 34
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Table 4 Specific water capacity of the soil relative to treatment and suction ( (100 kPa) ~")
hb B + 52K % F7 Soil water suction ( x 10 kPa)

Treatments 1 2 3 4 5 6 7 8
R1S9 1.22x10°"  3.34x10°%?  1.54x10°%? 8.90x10°* 580x107° 4.09x107* 3.04x107° 2.35x10"°
R3S7 L12x107"  3.58x1072  1.81x107% 1.12x107% 7.68x107° 5.65x10* 4.35x107°  3.47x107°
R1S1 8.04x1072  2.90x107% 1.59x107% 1.04x107% 7.45x107* 5.68x107° 4.52x107° 3.70x107?
G1S9 1.22x10°"  2.78x10°%? 1.16x10°%? 6.23x10°%? 3.85x10°* 2.59x10°? 1.86 x10? 1.39 x10?
G387 .16 x107"  2.82x107% 1.2 x107% 6.67x107°* 4.19x107* 2.86x107° 2.07x10°? 1.57 x10 73
G181 9.35x107%  3.13x107% 1.63x10°% 1.03x107% 7.15x107° 5.32x107° 4.14x10°*  3.34x10°
W1Ss9 1.42x107"  3.61x107* 1.59x10°* 8.85x107* 5.62x107° 3.87x107® 2.82x10"? 2.15x10°?
w387 1.24x107"  3.30x107% 1.49x107% 8.49x107° 5.47x107° 3.82x107% 2.82x107%* 2.17x107°
W1Sl 7.13x107%  2.47x107%  1.32x10°%  8.46x107° 598x107° 4.51x107° 3.55x10°%  2.89x10*
RI1L9 1.68x10°"  590x10°2  3.03x107% 1.86x107% 1.27x107% 9.31x10°% 7.14x107%  5.67x1073
R3L7 1.30x10°"  4.78x107%  2.56x107% 1.63x107% 1.14x107% 8.53x107* 6.67x107° 538 x107°
RILI 1.04x107"  4.04x1072  2.24x107%  1.47x107% 1.05x107% 8.02x107* 6.36x107° 521 x107°
G119 L81x107"  6.15x1072  3.10x107% 1.88x10°% 1.28x10°%2 9.27x10°% 7.07x107%  5.59 x1073
G3L7 1.33x10°"  4.77x107%  2.52x107? 1.59 x10 2 1.11x107%  8.29x107% 6.46x10°? 5.20 x10?
GIL1 1.25x107"  4.56x1072  2.42x107%  1.53x107% 1.07x107% 7.94x107* 6.18x107°  4.97x107?
WI119 2.07x107"  7.86x107%  4.01x10°% 2.43x107%* 1.64x1072 1.18x107* 8.95x10°*  7.03 x10 3
W3L7 1.32x107"  4.64x107%  2.43x107% 1.53x107% 1.06x10°% 7.90x107®  6.14x107? 4.93 x10*
WILI 1.05x107"  3.86x107% 2.08x107% 1.33x107% 9.43x107% 7.09x107* 5.57x107%  4.52x107°

LS 1.74x107" 571 x1072 2.8 x107% 1.74x107% 1.18x10°%?  8.57x10°* 6.54x107°  5.17x107°
SS 9.46x10°*  3.35x10°* 1.80x10°% 1.16x10°% 8.23x10°* 6.21x107® 4.90x10"? 3.99 x10°?
RS 5.96 x107%  2.35x107%  1.35x10°% 9.13x107* 6.73x107* 5.25x107% 4.25x10°? 3.54x10°?
GS 7.38x107%  2.65x107%  1.44x107%  9.36x107°  6.69x107° 5.09x107° 4.03x107*  3.30x10"°
WS 5.28x107%2  2.01x107%  1.14x10°2 7.6l x107° 5.57x107° 4.31x107° 3.47x10°%  2.88x10°
2.3 MM ERLFINNTEARERZLZEDN B A A b A KA P Ab BE G H AR 2R & BN T
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ZEA B RO R ROR PR B ) B B SR
A4 R H bR 2 A A 2 FR .
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Fig. 2 Daily variation of soil standard evaporation relative to treatment
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Abstract

“Pisha” or soft sandstone, distributed extensively in the region striding over Shanxi Province, Shaanxi
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Province and Inner Mongolia Autonomous Region, is a kind of sandstone, highly erodible and unfit for vegetation growth.
It is also one of the major sources of coarse sediment in the Yellow River. As it contains abundant montmorillonite, this
kind of soft sandstone is quite high in water holding capacity. An indoor simulation experiment was carried out on feasibili-
ty of using weathered soft sandstone to ameliorate the local soils ( Aeolian sandy soil and sandy loess, rather coarse in soil
texture ) in water holding capacity. The experiment used 3 types of soft sandstones different in color (red, gray and white)
in amendment in the ratio of 1:9, 3:7 and 1: 1 (by weight) separately, to determine effects of the amendment on water re-
tention curve and evaporation process of the local soils.

The experiment was conducted in the State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, In-
stitute of Water and Soil Conservation, Chinese Acdemy of Sciences. Three kinds of soft sandstones ( Red, Grey, White
sandstone ) were mixed with aeolian sandy soil and sandy loess, separately, in line with the designed ratios, 1:9, 3:7 and
1:1 (by weight of air-dried soil, m_, . ,.../Mm..) , and each had 3 replicates. Original soils were also tested as control.
The experiment proceeded under natural conditions. A centrifuger was used to determine soil water retention curve at 12
set rotation rates and the RETC software and van Genuchten model was used to fit the soil water retention curve, and soil
evaporation processes were determined through in-lab simulation, using a hard plastic beaker with punched bottom. Before
packing soil into the beaker a piece of filter paper was placed on the bottom to prevent the soil from leaking. The beaker
was put into a pan with water to wet the soil in a self-suction way through the holes in the bottom for 12 h till the surface
of the soil was wet, and then the beaker was put aside for 4 h to drain out gravity water. During the process, the soil was
mulched with foam to prevent the water from evaporation loss. The saturated soil column was drained for 4 h to make sure
the gravity water out. Weighting method was used to determine evaporation rate. Soil bulk density of the soil in each treat-
ment was controlled as listed in Table 2.

Results of the experiment show that (1) weathered soft sandstone was higher than the two local soils inwater-holding
capacity and amendment of the former improved the latters in water-holding capacity and reduced their water losing rate.
White soft sandstone reduced saturated water content of the sandy loess; (2) Soft sandstone, when low in proportion
(1:9), improved water supply capacity of the two local soils, but did not have much effect increasing water suction of the
soils when specific water capacity of the two soils reached the 10 ~* level, which indicates that the effect of soft sandstone
improving the local soils in water holding capacity is not significant, when they are low in suction; (3) Soft sandstone de-
creased standard evaporation rate of the sandy loess and lowered standard evaporation in the aeolian sand soil, too, but on-
ly at the initial stage of the evaporation, and affected reversely in the middle and late periods. The higher the proportion of
soft sandstone, the higher the standard evaporation in the Aeolian sand soil. In sandy loess proportion of soft sandstone
was not an important factor affecting standard evaporation. The standard evaporation from the mixture of soft sandstone and
sandy loess was quite close to that from soft sandstone; (4) In the aeolian sand soil, though addition of red, grey and
white soft sandstone increased water loss through evaporation by 11.59% , 10. 14% and 0. 01% , respectively, it multi-
plied the eventual moisture content by 4, 2. 33 and 1. 33 times, respectively, while in the sandy loess, the addition de-
creased water loss through evaporation by 13.33% , 13.33% and 29.52% and the eventual moisture content, too, by
45.83% , 54.17% , and 66.67% , respectively. The findings may serve as a certain theoretical basis for and a possible
technical approach to soil and water conservation and ecological restoration in this soft sandstone region.

Key words Soft sandstone; Soil water retention curve; Water supply capacity; Evaporation
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