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Effects of anions and cations on soil water retention and
shrinkage behavior during dehydration process
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2. Key Laboratory for Agricultural Soil and Water Engineering in Arid Area of Ministry of Education ,
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Abstract: Soil shrinkage and cracks commonly occur during soil water characteristic curve (SWCC) measurement,
and the soil water retention varies with the type of salt ions (i.e., anions and cations) in the soil. A laboratory study
was therefore conducted to make further analysis on the effects of four salt cations (K*, Na*, Ca’*, and Mg®* ) and
anions (C1~, HCO; ™, CO32_ and 5042_ ) with a low concentration of 1 g'L_] on water retention and soil shrinkage in
silty clay loam saturated by salt solutions (1 g- L"), based on existing findings. The SWCCs were measured by the cen-
trifuge; meanwhile, during dehydration, the heights of soil samples were measured using calipers to estimate the change
in soil bulk density and the axial shrinkage. Two indices, crack length and crack area, were directly obtained from the
processed binarized images by using MATLAB. The results showed following. (1) The cations, K*, Na* , and four salt
anions could improve water retention, and COs2~ and K* increased soil moisture by 35.81% and 3.68% , respectively,
relative to the control treatment. (2) Mg**, SO,2~, and COs>~ could decrease axial soil shrinkage. The influences of
anions and cations on soil shrinkage were ranked in order that HCO;~ > Cl1~ > SO,2~ > CO;*~ and Na* > K* > Ca’* >

Mg®* , respectively. (3) Na*, Mg**, and four salt anions could reduce crack length, crack area, crack length density
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and crack area density. And the performance of CO;>~ and Na® was the best. The findings provide theoretical and prac-

tical guidance for evaluation of water retention and cognition of the mechanism of desiccation cracking.

Keywords: soil moisture; water retention; soil shrinkage; desiccation cracking; salt ion
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Fig.1  Soil water characteristic curves for different salt ion treatments
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Table 1~ Comparison of the soil water content for salt ion and CK treatments/ %
szljoi i%m K* Na* Ca®* Mg+ (o0 HCO,~ S0,%- cl-
0~ 1000 +2.47 +1.01 -4.02 -4.26 +27.19 +18.76 +2.02 +1.01
1000 ~ 7000 +6.31 +3.22 -1.66 -3.4 +55.68 +28.62 +3.32 +3.22
0~ 7000 +3.68 +1.66 -3.33 -4.02 +35.81 +21.64 +2.46 +1.66

T e PRI R 2 1AL T B KR Lo X IR AL P s AR A 1 43

o+ VIR O BRAL B, - IR L AL PRI

Note: The figures in Table 1 indicate the percentage of soil moisture for salt ion treatments higher or lower than for CK. “+ ” indicates that the soil moisture

for salt ion treatments is higher than for CK, and “ - " indicates that the soil moisture for salt ion treatments is lower than for CK.
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Fig.2  Soil shrinkage characteristic curves for different salt ion treatments
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Table 2 Crack parameters for different salt ion treatments

Wit o owmw o b
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Treatments Crack area  Crack length  Crack area Crz:;’i(nslingth
/mn? o density/% o :)
CK 220.00 329.21 11.20 0.1677
FHPEER B F Salt cations
K* 234.89 514.04 11.96 0.2618
Na* 135.57 325.55 6.90 0.1658
Ca’* 267.61 365.38 13.63 0.1861
Mg * 197.96 307.70 10.08 0.1567
B PEER B3 F Salt anions
€052~ 0.13 1.15 0.01 0.0006
HCO; ™~ 24.12 70.77 1.23 0.0360
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30 i

TGS 2B SE I, AN R B 7o Rk
[ENE RPN Suy L TN RIE I b S R SN
[FI AV AR , B B U BE AR L AR DG s 7E R
o B TR R AT UK (TDS =3~ 10 g+ L™1) (#h7K
(TDS=10~50 g-L~ ") I /K (TDS > 50 g+ L~ ") b
M. H—Jr i, & E iR sb A i, H e
AV HEER LB TR 2 | T 2 G F R 3K 4y
R 2 RS R AIE B 28 P AT 9E 22 A2 5% A Na*
g AT SR L0224 A — s TR BRE . T BRI
Lot LN = e DGTE )M I LU B DT e A ST
FAVG AT G AE B RE b E— 25 e T Xt B PR
BT RIS, HIETRUSK (TDS = 1~ 3 g+ L™ 1) Frife

BB TR E N 1 g L0, BIUA SO FUfIFSE T e
H1 g L BH P 8 Bk B X L3RR K RE T 1)
SR [R] 0T FEPEANY T - 38 2 Kt A Hr iy e 4 K-
AR R & S E . B X LR
RE I F2 B A7 3 gk by ATRIR B I S
Zm 2 R BA AR RS
HEW) R A DA AE 22 5. B AL B o A FRAE AN
[7] 25~ 200 ST XoF 1+ 38 40 B e 5 0 4 JH 0 LA K 5%
M AILEEA 25 570 A 20K Y B - Ak 2= A
Sh A it — R R IR,

AW VEE LRI B FIRIEI A N 1 g L7 AR
WS SCERI 21 T BF R A R AT 455 (1) BR S ¢
L' Na* 4h, HASKE FRIA 76— 2 R b FAAIG - 385K
RE 721 S AT 5 00 2 WA A e S5 ARG, K A Na*
AT H s K AR T O, 0 — 2 9 B 1k
B HERKEE I Z ARG R, (2) ME
Mg * e BE A ARG, S 1) i 20 B S LD/ N R 34
LA ) F 00/ T 41215 AR F 5 ik — S
52,5 CK MG, 1 g L1 M2 * wl i/ 33 4 g 350 e
EIE T FibHEWT, (3) AWFsEdath,1 g- L' Na* Fll
Mg * IRA FIFREAR LIRS PN A5 b (e, X A
WU B #h FEME . 25 b, 34K B ) i+
HERBIEM P AR 38 5 5 B U 1A B A Ok
o A WABEFER O A W58 R B A A e E M, 58
T RUSOK JBOK KRN K ST AR AR B
Xt A SRR A R 4 5 0 P A R 8CR 5 ) el o I v 6
BRI B — 2 R

4 4 e

PRI e SR i T UK B v I 3
XEFROK ER AR B AR AR — T A S S 9835 R



112 T2 X AR AT

o 36

PATWE T RIEAE BT, ik — 2D AR B LT &5
W

1) AFEERE 5 B R KB AP 22 57 WK
FER 1 g L7 K* (Na® Fll 4 Fl S 25 85 7 5 v] $2
i RIEREK AR T, B PHER B 740 B LA COs> il K* 3%
KR HCOs ™ JRA] LA 8k R IR K v .

2) TARTERIK SRR A A i IR Wy 1
g L7 M2+ .S0,%~ il COs%~ 5 I /I {4l )
W E P, AR TR N AR BN Nat > K* > Ca®*
> CK > Mg * fil HCO;~ > C1~ > CK> S0~ > C0s>~,
Horr cOos*~ Fl HCO; ™ 1 BH i 20748 + SIS A5 R AIE T 5
B

3) WM 1 g L7 Na* M2+ 1 4 Fl B E3:
5128 AT ) Esf o/ - S SR R RN TE AR DL B
DA B8 8 B R TG AR 85 B 5 9 B R B v a0 il LA
CO;*~ F Na* BRI B %

2 % X #:

(1] HHE3%, EA, TRIEE, 55 . PRGNS L3RG K R (1 7R F AL
)] T RIX RS, 2015,33(5) : 101-107.

(2] TG, WS, B2 S, 46 . L 3K 3 R AE il 4R D00 2 i R v 4
AR T (1] KRS, 2015, 46(10) : 1181-1188.

(3] Zhou W H, Yuen KV, Tan F. Estimation of soil-water characteristic
curve and relative permeability for granular soils with different initial
dry densities[ J]. Engineering Geology, 2014,179:1-9.

[4] Mohammadi M H, Meskini-Vishkaee F. Predicting soil moisture char-
acteristic curves from continuous particle-size distribution data[ J]. Pe-
dosphere, 2013,23(1):70-80.

[5] Shwetha P, Varija K. Soil water retention curve from saturated hy-
draulic conductivity for sandy loam and loamy sand textured soils[ J] .
Aquatic Procedia, 2015,4:1142-1149.

[6] Thyagaraj T, Rao S M. Influence of osmotic suction on the soil-water
characteristic curves of compacted expansive clay [ J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2010, 136 (12):
1695-1702.

[7] Gao H, Shao M. Effects of temperature changes on soil hydraulic prop-
erties[ J]. Soil and Tillage Research, 2015,153:145-154.

[8] Ugarte-Nano C C, Nicolardot B, Quinche M, et al. Effects of inte-

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]
[26]

grated weed management based cropping system on the water retention
of a silty clay loam soil[J]. Soil and Tillage Research, 2016, 156:74-
82.
FRH, PANE , i, 55 AR IR B LK I S
HELEHIRSE )] AAIR , 2015, 46(5) : 101-106, 140.
Leung A K, Garg A, Ng C W W. Effects of plant roots on soi-water
retention and induced suction in vegetated soil[ J]. Engineering Geol-
ogy, 2015,193:183-197.
TG, M0 A, Eh S0 L SRR - oKt A L ARk
AHENAL)] . KPRk ,2016,27(1) :40-48.
2B, FRMERL, XUSCIR , 45 AN TR AL L 4K 43 A il 2k 2 )
A8 5[] AR AU AR, 2014, 45(6) : 161-165,176..
Stoof C R, Wesseling J G, Ritsema C J. Effects of fire and ash on
soil water retention[J]. Geoderma. 2010,159:276-285.
Ren Jianhua, Li Xiaojie, Zhao Kai, et al. Study of an on-line mea-
surement method for the salt parameters of soda-saline soils based on
the texture features of cracks[J]. Geoderma, 2016,263:60-69.
He B, Cai Y, Ran W, et al. Spatial and seasonal variations of soil
salinity following vegetation restoration in coastal saline land in eastern
China[J]. Catena, 2014,118:147-153.
Pauchard L, Parisse F, Allain C. Influence of salt content on crack
patterns formed through colloidal suspension desiccation[ J]. Physical
Review E, 1999,59:3737.
Lima L. A, Grismer M E. Soil crack morphology and soil salinity[ J].
Soil Science, 1992,153(2):149-153.
SR, R TR R R S R ()]
#12,2015,52(3) :477-488.
Fattah MY, Yahya A Y, Al-Hadidi M Th, et al. Effect of salt con-
tent on total and matric suction of unsaturated soils[ J]. European Sci-
entific Journal, 2013,9:228-245.
WSS, BOTr . R T RIS A AL it 2R O AR T ()] L el
11%,2007,38(4) : 749-752.
TRAE: , T3 SC, RSl . 6 BB 2 T K e B X+ 3Rk I
TARIT R IECR 1] Al TR, 2016,32(9) £ 115-122.
SRISC, A B, W 5, A5 R A BE R K SRR E i 2k R 40
ARIE FPELD] Al TREA4,2012,28(13) :135-141.
DML, RFRIA, E WS, A5 xR TR AL R )]
TR TR, 2015, 23 (JEF]) 1 77-83.
SIS, e, BB, S S BEX O B AR BT
R ()] AR TR, 2011,27(8) :84-89.
ZEopdE . AR I M LT 5 SR AL, 2001
i, EF5WE AR B8 1A IEXT Bt 13 BAL MR A 52 )
WRFELT] . P EAE SR A4, 2004, 12(4) 1 126-128.



