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Transport of Salt Cations in the Soil
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(College of Environmental Science and Engineering, Qingdao University, Qingdao, Shandong 266071, China)

Abstract:  Objective  In the arid, semi-arid and coastal regions where freshwater resources are scarce, while underground
brackish water/saline water resources are abundant. In order to ensure food security and sustainable development of the
agriculture development, it is necessary to use brackish water/saline water for reasonable irrigation to alleviate the pressure of
shortage of freshwater resources. However, the use of brackish water/saline water for irrigation will certainly cause accumulation

of salts in the soil, and trigger secondary salinization of the soil, thus affecting growth of the crops therein. Moreover, it will also
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alter chemical composition of the soil solution and stability of the soil structure, leading to degradation of soil physical properties

and change in chemical reaction in the soil. =~ Method In this paper, an indoor soil column percolation experiment was
conducted to investigate effects of the salts in irrigation water, relative to kind and concentration, on permeability of and transport
of salt cations in the soil. In the experiment, to prepare soil columns, plexiglass cylinders, 40 cm in height and 6 cm in diameter,
were used, and for irrigation water containing NaCl, MgCl, and CaCl,, separately, at 3, 5 g-L™" (as brackish water) and 10 g-L™
(saline water). A total of 9 treatments were designed, and each had two replicates.  Result It was found that soil relative
permeability coefficient K/K, (K stands for permeability coefficient calculated at each time, and K, for initial permeability
coefficient)decreased with the increasing of Na' concentration, and permeability declined faster in the topsoil than in the lower
soil layers; and Ca>* and Mg®" behaved similarly during the process of infiltration, that is, both increasing soil permeability by a
rate rising with the increase in Ca?* and Mg®" concentration and in soil depth. The effect of Ca*" was more significant than that of
Mg?*. Relative permeability coefficient of the whole soil column was in quadratic relationship with time and ion concentration. In
terms of conductivity of soil effluent , the treatments followed an order NaCl > CaCl, > MgCl,, while in terms of pH, an order of
NaCl > MgCl, > CaCl, In the columns treated with NaCl solution, both Ca*" and Mg?" increased in the soil with rising NaCl
concentration in the solution and soil depth.  Conclusion Na' migration in the soil will leads to decrease in soil permeability;
while Ca®" and Mg?" migration in the soil does reversely; and the effects of the three ions are more significant in the surface soil
layer than in the lower layers. Salt content in the soil depends on kind and concentration of the infiltration water. Irrigation with
saline/brackish water tends to lead to accumulation of salts in the soil. The higher the salt concentration in the irrigation water, the
higher the salt accumulation. When using saline/brackish water for irrigation, it is advisable to arrange irrigation reasonably in the
light of water quality and properties of the soil to be irrigated, coupled timely with certain soil amelioration measures, when
necessary, so as to avoid any adverse impacts of the irrigation on soil permeability and crop growth.

Key words: Salt water irrigation; Salt; Permeability coefficient; Migration; lon deposition
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Table 1 Physical and chemical properties of the tested soil
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Particle size distribution / ( gkg ™) pH
Soil texture
<2 um 2~50 pm 50~200 um Organic matter/ (g-kg™') CEC/ (cmol-kg™) /mV
ke t" 7.52 36.80 55.69 6.51 8.52 10.23 444
4 5EER /0 BT & Content of salt ions in soil / ( g'kg™)
EC/ (dS'm™)
K Na* Mg>* Ca® S0~ HCO3 Cl
0.16 0.06 0.02 0.06 0.19 0.48 0.06 0.05
H: EC, HERIEMWAE SFH, Note: EC, Electrical conductivity of soil extract. (D Sandy loam.
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Fig. 1 Scheme of the experimental device ZERI, BiA 3. 5. 10 gLf1 NaCl %W 4 A By
B35 RO MBI PIIR IR 90% . 55%. 50%; B
2 iPRETHE BLRIB B R BN BRI IR 70% . 80%. 75%:
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1.0 1.0x
N 0.8l
S 0.8+ = 0.8
0.6+ 0.6
a)3 g'L' NaCl b)5 g-L ™! NaCl
0'40 1I0 2IO 3‘0 4I0 5I0 6IO 7I0 8I0 0.40 l‘O 2IO 3‘0 4I0 5|0 6‘0 7I0 8‘0
5§ [a] Time/h 5§ 1a] Time/h
1.2¢
—a— A
—e—B
1.0% —C
—v-D
X 0.8
N
0.6}
)10 g-L" NaCl
0'40 10 20 30 40 50 60 70 80
fisf 8] Time/h

T KKy FRHIXBEREG A, B, C. D /3HIER T4 4~10 cm, 10~16 cm, 16~22 cm, 22~28 cm. [, Note: K/K, represents
relative permeability coefficient; A, B, C and D stands for soil section of 4~10 cm, 0~16 cm, 16~22 cm and 22~28 cm, respectively. The

same below.

K2 AFWE NaClIFRA B L4 BB E IR

Fig. 2 Variation of permeability of NaCl solution with section of the soil column relative to concentrations of the solution
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Fig. 3 Variation of permeability of CaCl, or MgCl, solution through various sections of the soil column relative to concentration of the solution
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—<— 5g'L"NaCl
—v—10 g-L' NaCl
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Fig. 4 Temporal variation of permeability of the solution through the entire soil column relative to concentration of the solution

F2 IHEBEEMNSERSHEMEYTSRE

Table 2 Regression equation of overall relative permeability coefficient with duration of the test of the soil column

XI5 % Test plan []J5 52 Regression equation R

3 g'L™' NaCl y=-0.001 8x%+0.014 1x + 0.960 0.75
5 gL' NaCl y=-0.000 5x’ — 0.010 4x + 0.899 0.82
10 g'L™' NaCl y=-0.001 9x> + 0.004 1x + 0.947 0.74
3 gL' MgCl, y=-0.000 5x> + 0.030 5x + 1.008 0.97
5g L' MgCl, y=-0.000 8x> + 0.038 2x + 1.023 0.94
10 g'L™ MgCl, y=-0.000 1x> + 0.017 5x + 0.975 0.94
3 gL' CaCl y=-0.001x*+ 0.051 4x + 0.965 0.97
5 gL CaCl, ¥ =0.000 3x* + 0.027 7x + 0.896 0.92
10 g'L™" CaCl, y=-0.000 2x> + 0.022 5x + 1.000 0.97

Wy R HAEBEMXTBSERE, x ZREWRA B, Note: y stands for overall relative permeability coefficient of the soil

column, and x for duration of solution infiltration.
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Fig. 5 Variation of conductivity and pH of the outflow under different concentration of the solution

TIFABIRBA pH B 6, BIA 3. 5. 10 gL
CaCl,, MgClL, M pH 76 A B 45 W A2 2 7
6.50~6.60. 6.65~6.75 Z[i]; %i A NaCl % + 5%
VR pH BEE AR IS K, fEAR
SEORET = AR pH BB A 7.2~7.3 Z 0], #EA+
B pmAt, X R B TR L1 pH 1
K T B FWE, HEm i pH 3 EE
TR Na'c —BIAH Na" 7Kg fe FBOR R pH 4
T RN, AR R Na PR A S T
VAV B H R A, DN 5 304 B pH 1Y
Fha, eSS T AR SR, +3 pH ZHE T LI
Je A b i a2 etk Na FIOKIE LR HCOS + o2, #vim
Ca™ . Mg*J5, +HETHHCO; +cod &),
Ca®', Mg™"5 +3 Na' B A B g i i, scffei
KA ES T 1) N s, KRR TR, 55
BER RS S R T BB R B S RN, A
TN T R AR, TR AIG 4- 18 pHEL,

25 AEANSHETERSHABFHEETE

K AR A B A T 8B EYE, S IERE
W, BB AR B s B R, @
JE—MMEME RS, B 6 R T 3. 5.

LA
w

10 gL' NaCl ABRF+H: 8, 16, 22, 28 cm i H Ak
Ca*+Mg™" . Na'Wfifit ] 92 f S AE . I 6 I,

Ca®"+Mg* e 4 8. 16, 22, 28 cm Hififie Kik(E
43514 0.076, 0.190, 0.332, 0.368 gL' (3 gL
NaCl ),0.511.0.700.0.733.0.835 g'L™'( 5 g'L"' NaCl )
11667, 1.787., 1.698, 2.831 g'L™' (10 g-L NaCl ),
AT LA Y, Ca> +Mg™ e JE bt A B TR il Na®™
WeRE ARG N, Fi A 10 gL' NaCl i AY 1 45
ThE kR Ca® Mg = T A F AR i
el T R Na R R, BE ok
Ca™" . Mg" %, RZEHHEPEL RN Ca®

Mg” A B R R iR, i +HEKH Ca® . Mg™
FREE . RREWE Na MBI, bEE R
SLf A NaCl W, TR Na Wk BEARWHE K, &
112 40 h JEEEAE R — @ EH, M+ Na' iy
W B s 7t B AR TR B TR AR . A,
TV Na Ve B SEARYEHRFTE 1 gL' (3 gL' NaCl),
22gL" (5gL " NaCl), 46gL" (10gL " NaCl),
HE 6 ATLIEH, 3. 5. 10 gL' NaCl BB A B,

RSB N GREEZHS5E B B (3 gL
NaCl), A B (5 gL' NaCl), A B (10 gL' NaCl),

http://pedologica.issas.ac.cn



664 g

e 57 %

EEE2F 3, 5, 10 gL NaClIER A B, +IEH
X R B/ NBOH—8. W 6 RTRUREE, |
FEHEN Na G/ KT TR, HHELEME
FEEMEZMZEREARAK, & ABBRIERER T

B, AR A R Na HORE B 1,
48 Na' B¥# W ca® . Mg2+§ﬁ%i@§, i
Ca® "+ Mg R JE B A5 VR I VAR JE (938 J T 4 m
AR 0

0.4r- 1.0
—a— 8
Ty —e—16 o
:]n —%—22 jn 0.8+
03 v 08 ]
b= =
& .2 & .2
&8 & g 06p
o) = o0
S 502 > 5
+ 2 + 2
s 9 b s 8 04
o £ o &£
g g
7 0.1 T oo b)5 g-L”' NaCl
‘& a)3 g'L' NaCl ‘©
O O
0.0 L ! 0. /
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
3.0 1.5
o
o0 2.4 ~
28 :
W E 18 "
&0 = .
& 85 s =
S 212 Z 5
o0 (=1
= 3
+ ‘s
‘s 0.6 z 0.3
S )10 g'L ' NaCl d)3 gL' NaCl
0. J Od 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
5~
~~ A4-
= =
1)) of)
3 = 53
2 %2
[ =] < B
“ 5 Z 2af
Q Q
=1 =}
E S
5 st
e)5 g'L' NaCl )10 g'L™' NaCl
OG ! 1 1 1 1 1 ! J 0 : 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Fif &) Time/h fif ] Time/h

Kl 6 ARl NaClLIEWR AL T L3 Ca® +Mg®" | Na e B2 B il 25 1k

Fig. 6 Temporal variation of concentration of Ca*+Mg** and Na" in the soil relative to concentration of the NaCl solution tested

i

3 4
W N A, WE T 3 AER (NaCl,

MgCl,, CaCly) 3 MKEERERE (3, 5. 10 gL "), #f
FEA ] B 1) JRAK /R K RS 1 895 375 M e S o
BRBEN, fFIMITEHE: (1) WL HERR S

BYETE , NaCl VA v BB 2 1 1898 37 1 Re R (AR
JERK; CaCly, MgCL R RESRE T A B B
AE , (L T AR B 2 B 25 VA TR0 B 190 T s T i i 2% o
H 3 gL' CaCl, Xt FHETF +HER B B MERE IR N b
F o X UL LE RIS K /K TR T w2 e 3h 35 £
AL G S R R R DAGE 2 A R, R REER, O

http://pedologica.issas.ac.cn



34 RS BUKSOK AB R 1B E YR 7 B s B B 665

T AR L. (2) X T A R BEE,
NaCl ¥R MR, 322 IR 15 M e IR 15 i
K3 CaCly, MgCl iR #/N, 2 TINS5
PEBESS NS BOR s I WO 2 T 08 BB R
KT TR, (3) RHEEHhEFEIRT AB KB
KU T 5 75 NaCl K 0 e e vp, i s
) Ca™" . Mg* MR ROk, HAEEMd bR s
KA RSB, VB IR M, R
e, L, ER R EOK OB K R, AR 1
S HLRSE B, A PG AK T, EE AE A
BLHSIG , LASRE ) 3898 B VL RE AW AR K S0

S %Wk ( References )

[ 1] Wang H. Advances in study of brackish water irrigation
in China[J]. Water Saving Irrigation, 2016 (6 ): 59—63,
64. [TEHE. IR E UK FEBERE 5T JE R[], 5K AERE
2016 (6): 59—63, 64.]

Wang Y P, ZhouJ L, Guo X J. Experimental research on
the effect of saline water irrigation in China on crop
and yield[J]. China Water and
Hydropower, 2009 (9): 4—7. [EM, M4k, 5
. [ /K T I XA 9 2 1 B 7 k5 Wi BT 5 3k S
LREE]. PREAFKFKE, 2009 (9): 4—7.]
Jiang A X, Li D G. Chemical characteristics of shallow

growth Rural

groundwater in salt water intrusion area on the southern
plain of Laizhou Bay[J]. Acta Oceanologica Sinica,
1997, 19 (4): 142—147. [ZEE, Flm. FIMNEH
7 WS IR K AR X2 R KK AR 2 AR R[],
IR, 1997, 19 (4): 142—147]

Lin H, Zhang Y F, Zou Y F. Comprehensive utilization of
underground salt water [J]. Energy and Environment,
2006 (6): 70—71, 75. [bRHE, SR EWE, 48045, HbF
BUKMERGFID]. REISFREL, 2006 (6): 70—71,
75.]

Ma Z S, Tan J L, Wei T. The variation of salt-tolerance of
crops in different regions irrigated with brackish water in
China[J]. Journal of Irrigation and Drainage, 2019, 38
(3): 70—75. [Hrpi, AR, BE. b E UK
FH A 3 DX 0 A 9 5 17 P A 5 o e (0], B BR R K 240,
2019, 38 (3): 70—75.]

Fang S, Chen X L. Study on utilization and renovation of
shallow underground salt water [J]. South-to-North Water
Transfers and Water Science & Technology, 1999 (2):
6—11. [JrH:, BRFBX. W20 EUKR -5 80E Mot
FE0]. MKAEIE SR AR, 1999 (2): 6—11.]
LiCJ, TangJY, GaoP, etal. Effect of irrigation with
saline water on plant root distribution and evolution of
aeolian sandy soil in shelterbelts along the Taklimakan
desert highway[J]. Acta Pedologica Sinica, 2015, 52( 5 ):

[9]

[ 10 ]

[11]

[ 12 ]

[ 13 ]

[ 14 ]

[ 15 ]

[ 16 ]

[ 17 ]

1180—1187. [ NIH, JERYE, mikk, 5. BUKREB
U7 oM ) AR 2R 43 A B R 8 AE B2 A 1], £
Herrdl, 2015, 52 (5): 1180—1187.]

LiJG, QuZY, Sun GF, etal. Effect of saline water
mulched drip irrigation on soil salt ions distribution and
yield of tomato[J]. Water Saving Irrigation, 2017 (3):
3135, 39. [ZE&N, MRS, BT, & MUK
T X A SRR 43 S 43 A RN b R B I,
KWEBE, 2017 (3): 31—35, 39.]

Wan S Q, Kang Y H, Wang D, et al. Effect of drip
irrigation with saline water on tomato ( Lycopersicon
esculentum Mill ) yield and water use in semi-humid
area[J]. Agricultural Water Management, 2007, 90( 1/2 ):
63—74.

Tedeschi A, Dell’Aquila R. Effects of irrigation with
saline waters, at different concentrations, on soil physical
and chemical characteristics[J]. Water
Management, 2005, 77 ( 1/2/3): 308—322.

MaWJ, Mao ZQ, YuZR, etal. Effects of saline water

irrigation on soil

Agricultural

salinity and yield of winter
wheat-maize in North China Plain[J].
Drainage Systems, 2008, 22 (1): 3—I18.

Rajak D, Manjunatha M V, Rajkumar G R, et al.

Comparative effects of drip and furrow irrigation on the

Irrigation and

yield and water productivity of cotton ( Gossypium
hirsutum L.) in a saline and waterlogged vertisol[J].
Agricultural Water Management, 2006, 83( 1/2 ): 30—36.
Abegunrin TP, Awe G O, Idowu D O, et al. Impact of
wastewater

irrigation on  soil  physico-chemical

properties , growth and water use pattern of two
indigenous vegetables in southwest Nigeria[J]. Catena,
2016, 139: 167—178.

Sou/Dakouré M Y, Mermoud A, Yacouba H, et al.
Impacts of irrigation with industrial treated wastewater
on soil properties[J]. Geoderma, 2013, 200/201: 31—39.
ChenSY, Shao LW, SunHY, etal. Effect of brackish
water irrigation on soil salt balance and yield of both
winter wheat and summer maize[J]. Chinese Journal of
Eco-Agriculture, 2016, 24 ( 8): 1049—1058. [FRZE I,

HRSLE, INE B, AE. BUSOKHE R e T S A

Y=g [0]. EAE SR R, 2016, 24 (8):
1049—1058.]

Zhang W, Zhou G W, Min W, et al. Effects of drip
irrigation with saline water on cotton yield, soil physical
and chemical properties, and soil N,O emission[J].
Journal of Agro-Environment Science, 2014, 33 (8):
1583—1590. [3K3C, JJ gL, BIff, 45 KIEUKRKTE
XEARAE i IR R NoO HERL IS (1] R
W IR R4, 2014, 33 (8): 1583—1590.]

Li F H, Yan H, Pang C L, et al. Soil hydraulic
conductivity affected by slight saline water irrigation in

North China[J]. Transactions of the Chinese Society of

http://pedologica.issas.ac.cn



666

+

e 57 %

[ 24 ]

Agricultural Engineering, 2013, 29 (2): 73—80. [&=
PR, B, EEK, 45 ARdb i X RUSIK R G +
K I R PERERIRE A )]. Rk TRz, 2013, 29(2):
73—80.]

Bhardwaj A K, Mandal U K, Bar-Tal A, et al. Replacing
saline—sodic irrigation water with treated wastewater:
Effects on saturated hydraulic conductivity, slaking, and
swelling[J]. Irrigation Science, 2008, 26 (2 ): 139—146.
Shang FZ, Ren SM, ZouT, et al. Impact of simulated
saline-sodic

irrigation with treated wastewater and

solutions on soil hydraulic conductivity , pores
distribution and fractal dimension[M]//Computer and
Computing Technologies in Agriculture VII. Berlin,

Heidelberg: Springer Berlin Heidelberg, 2014: 502—516.
Tang S Q, She D L. Influence of water quality on soil
infiltration

saturated hydraulic conductivity and

properties[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2016, 47 (10): 108—114. [f#
JHE i, XA, TR B - SR R R A B R
BIRZIE[I]. AU, 2016, 47 (10): 108—114.]
Sheng F, Zhang M, Xue R X, et al. Effects of salt in
irrigation water on soil structural properties and water
flow Journal  of
Engineering, 2019, 50 (3): 346—355. )&+, iKfH,
BEUNEE , 4. WEWEAK b X - B2 M R oK g
FRAF RS2 [T]. KR40, 2019, 50 (3): 346—355.]
LiBH, Cao YT, Guan X Y, et al. Microbial assessments

of soil with a 40-year history of reclaimed wastewater

characteristics[J]. Hydraulic

irrigation[J]. Science of the Total Environment, 2019,
651: 696—705.

Blume T, Weisbrod N, Selker J S. Permeability changes
in layered sediments :
Ground Water, 2002, 40 (5): 466—474.

Xiao Z H, Wan H F, Zheng L F. Effect of irrigation water

quality on soil

Impact of particle release[J].

characteristics
1997, 34 (3):

chemical and crop

growth[J]. Acta Pedologica Sinica,

[ 25 ]

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 30 ]

272285 [H AR, JTila, I, WK B 14
L ARE RV AR R B2 R [J]. 823k, 1997, 34
(3): 272—285]]

Liu X Z, Kang S Z. Contrast experimental research on
continuous and intermittent infiltration under ponded
conditions[J]. Advances in Water Science, 1999, 10( 1):
53—58. XU, BRAA L. JELE 5 [ BFRK A B X H
AR [I]. KEMFUER, 1999, 10 (1): 53—58.]
Zhang X, Norton L. Effect of exchangeable Mg on
saturated hydraulic conductivity, disaggregation and clay
dispersion of disturbed soils[J]. Journal of Hydrology,
2002, 260 ( 1/2/3/4): 194—205.

Curtin D, Steppuhn H, Selles F. Effects of magnesium on
cation selectivity and structural stability of sodic soils[J].
Soil Science Society of America Journal, 1994, 58 (3):
730—737.

Zhang H, Chen X H, Fu R B, et al. Effect to FGD ( flue
gas desulfurization ) -gypsum as an improvement to
different coastal saline-alkali soil[J]. Chinese Journal of
Environmental Engineering, 2017, 11( 7 ): 4397—4403.
[IRHE, BRI, ATRbvk, %5 LA B X AN (7] Bt i
VAR B M PR B RASCR[J]. PR TR AR, 2017, 11
(7): 4397—4403.]

Cheng J R, Chen X H, LiuZ H, et al. The experimental
study on the process and effect to the FGD-gypsum as an
improvement soil[J]. China
Environmental Science, 2014, 34 (6): 1505—1513. [
BRiE, BN, VPRI, SE. BB AT R+
bR AR S ORI T ()], IR R, 2014,
34 (6): 1505—1513.]

He K, Li X P, Xu C, et al. Remediation efficiency of flue

gas desulfurization gypsum on coastal saline alkali soil[J].

in coastal saline-alkali

Research of Environmental Sciences, 2018, 31 (3):
547—554. [Bhp, A/NF, IR, S AU E X
T AR T B AR 0], IREERL RS, 2018, 31
(3): 547—554.]

(REHE: HRA)

http://pedologica.issas.ac.cn



