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Effects of Different Washing Reagents on Removal of
Soil Salt Salinity for Coastal Reclamation Zones
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Abstract: [ Objective ] The effectiveness of washing reagents in removing soil salinity was evaluated to
provide theoretical guidance for soil amendments in coastal reclamation zones. [ Methods] Slightly and heavily
saline soils of paddy fields from the Chongming coastal reclamation zones in Shanghai City were selected as
the research objects, and the effects of five types of washing reagent (potassium nitrate, iron nitrate,
calcium nitrate, magnesium nitrate, and ammonium bicarbonate) concentrations and extraction times on soil
salinity (Na™, K*, Ca*", Mg*", CO% , HCO; , ClI", and SO% ) removal efficiency were compared and
analyzed. [ Results] The five washing reagents promoted the removal of Na' and Cl™ in the slightly saline

soils, and the effect of potassium nitrate on Na' removal efficiency was the most obvious, because the Na™
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concentration in the eluate was increased by 9.9%—25.9% compared with that in the control. However, Cl~
was more casily removed by ammonium bicarbonate, and the increase ratio was approximately 9.6 %—21.2%
compared with the control. Potassium nitrate (3.0 mmol/L) showed the best results, considering the
removal of soil salt ions and the loss of soil nutrients (K%, Ca*", and Mg®" ). The Na”, Cl~, SO% , and
Ca®" concentrations in the eluate of the second washing by potassium nitrate were markedly lower than those
after the first time, whereas it was not the case for HCO; and Mg®". In this experiment, the five washing
reagents showed negligible effects on the removal efficiency of Na™ and Cl™ in the heavily saline soils because
the applied concentration was much lower than the salt ion content in the soils, and the increase rates of the
two ions were 0.10%—1.0% and 0.01%——4.40% , respectively, compared with the control. [ Conclusion ]
The types, concentrations and times of washing reagents should be determined according to the types and

contents of soil salt ions when improves soil in coastal reclamation zones. The application of washing reagents

could be combined with irrigation measures.

Keywords: saline soils; washing reagents; salt ions; remove; coastal reclamation zones
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Table 1 Basic properties of soil samples

NN EC B RSETERE/ (g kg D)
paxm  opmm SO THESRRIHRGE O
mSe+cm ) 4£ihE Na K Ca Mg? Cl SO? CO; HCO;
BESH (D 8.2 0.5 1.8 0.40 0.02 0.04 0.02 0.50 0.04 — 0.30
mERB L2 7.8 7.6 33.7 11.90 0.50 0.20 0.07  12.10 2.20 — 0.20
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Table 2 Concentration design of different washing reagents

We R /(mmol « L™1)

WERN w1 mme  wms  wEd
il 2 2k 1.0 5.0 10.0 15.0
il 2 45 1.5 7.5 15.0 22.5
il 2 Bk 1.5 7.5 15.0 22.5
il 2 41 3.0 15.0 30.0 45.0
R = ek 3.0 15.0 30.0 45.0

1.4 RKEFEITE5FA*

(D —Witkk, MEFHFRBGL 2 mm G KT B
50.0 g A T4 500 ml TR . INAE 2 h A
[7i) e J3 bk V2 790 98 U 250 ml, I ZEJS 4R 7% 3 min; i I8 3R
WL R g S 2 E R W RS, 25 ClH R
RAE# I E e P Na™ L, K", Ca® ,Mg®" ,COY
HCO; ,Cl Fl SO WMk,

(2) Rk DE. B oAb BEE AR I+ B AR
My U S I FRH 20,0 g - FF, B8 B 4 38 E6 43 Uk B 4
SRBAT Y IR R0 L SR T R R Y 9 R ik 1 AT R
Y o AF T R U EROT = 3 R 23 Pk 8 A50OR 1 5

(3) 0 Hh 5 B 25 1R K Ik e Dl X BR L s Ak 3
X E 3 AEA .

1.5 #HELE

K H] Excel 2010 #EA7 445 4b B AN RAK 22 ) 5 iz H
Origin 2021 8 #EAT4: K 1 SPSS 21.0 #AFi# 47
Bl 7 2255 1 DA B I RS 58 (p<<0.05) .

K 5 Na™ A CL B9 L BR 2T 32 L 43 B A [m] 9k
VeI 4 Na ™ F1 Cl B BEBE AR, ARH

7Cﬂ1¥Na+ ®COl- CX»J M8 Nat 5Cl—
R Na*t & Cl— —

X100% (1)

C
< %t B Na+ 5,CL

ﬁEP:RNa\ Ol jﬂi% Na" 5 Cl- E@%%%ﬂ%y
Cupmnar ser 278 AN [ e JBE K 6 57 Ik 3 Ak 3L S 1 8 iR
W Na™ 3 CU IR s Capmnat o 7 W B AL B
+ R R Na™ 5 C1 sk,

2 &R 5Br

2.1 AREMKEFNBERFLIEIRBMEIR L

N TR R 8 750 o 2 B 93 = R 43 5 T R AU 1 B
Wi L& 3, FR TS R A A T 60 R A R 6 Ak Ok 79 2 b 3
TR R KL Ca T I Mg® T B B, R, A
TR0 AP 35 2 I8 08 700 A R 25 A Ok O 5

M2 3 W LA L 5 X AR HE L 5 FR bk sk 00 6 4 5
Na " (e B34 A A2 #EVE FH . HL Bl 25 ik D6 700 ok B2 184
AR A P R S B e e, vl R B R Ok Ak
XF -4 Na ™ (% AR i VR B K 4 ok B2 1 1233832
W Na ' B IR o i A BT T 9.9%0.18.3%
23.3 Y0 H1 25.9 Vo 5 il 2 B Tk 1o Ak BHL 1 R MO0 AR 2 1 ) e
N4 Bl BE Y 8RR R Na ™ i vk B 43 S 3 6T R
$ETHT 6.5%.8.8%,9.9% M1 9.3% . 55 i BR Bk . A AR
B A A R D Ak ) 2 S N

T TR B S T 60 ok T2 i 0 A T2 % Ak ke A B XoF
T4 K A IR 2 B A A2 AR AR 2 4R RN I
B0 i TR 0 > i R A A > i Rk > W R B . 5 MR
Na " 2L, Fifi obk 8 700 e 2 1 o, 33838t i rp KO MR B2
SR P I, 5 B b, 4 S R R S MR T
TR e K Bk B 2 X IR 24,0, 3301,
38.6F1 A1.1 A%, fis TR B L A R 4k . ik TR S R Y TR B
PRV AL BT 58 Ca® 19 PE IR A R 3EVE AL o LA
i TR R bk O A L 14 AR 0 VR o K. B A TR B A
38N 3= R T Mig™ ™ (18 VA 5 % T 3 A0 5 (E Btk R A
FIH TR EG 2 PRtk vk 30 6 118 Mo M v BEAVE A ER
] . B ik TR i 0 i IR G R R B 38 L 32 R R
Mg™ " I e J3 52 30508 18 0 5 o AR A e 34 ik i & i A
FEXT 1 Mg* " VeI B A U

SV E L5 ARSI A R T HE CLpyik
XA, R CU R E R KT R R
21.2% . H DIk IR S ek A BE T A A F L HE CL sk
JIE o 4 B B Y B8R O R CL A MR B 43 ) B ) R
BIT 9.6%.21.2%,18.3% Ml 13.5% s AR HI IR Z .4
Pl B2 )+ B8 VR CL B vk B2 40 391 e xof 42 T
T 13.5%,9.6%, 11.5% F 9.6%, H M A UL, &
HCO; Wkt 458 CU ag ik il 28 & NO, ik ik
FIK . [RIEF .5 Ff gk Pk 700 X =388 SO A9 Ik Uk R A
BFE BE NO; Mk RE —E =B E Emf 7 %
HCO; Bk,



34 K R E IR
£33 ARAKEFINEERRLTESEHRNZT
Table 3 Effect of different washing reagents on removal of salt ions for slight saline soil
it BHBESEFHEE/(mg L
Na" K" Ca®" Mg? " Ccl S04 HCO;
xR 70.4 4.8 8.4 4.4 104.0 8.6 50.0
e 1 77.4¢ — 16.8" 5.5¢ 118.2¢ 8.6" 41.2"
wE 2 83.3" — 18.5° 20.3¢ 114.1° 8.7" 40.0"
W 3 86.8 — 25.2 60.5 115.9 10.1 50.0
HeRE 4 88.6° — 25.2° 78.1° 114.1° 10.0° 41.2"
w1 75.5¢ 6.2" 12.6¢ 55.0° 109.4* 8.5 55.9*
W 2 78.4° 9.0* 46.3° 22,0 117.0° 8.3¢ 52.9*
{511 7R b b
e 3 80.2 10.3 78.9 57.7 106.5 9.2 41.2
W 4 80.6" 11.1° 135.3¢ 17.6" 111.2° 9.4° 40.0°
W1 75.3° 120.1¢ — 57.7" 108.2¢ 9.9 40.0*
. R 2 77.6" 164.3" — 77.0° 122.9° 9.0 41.2°
ﬁﬁ@ﬁ%ﬂi N a a b b ca b
HeE 3 79.3 190.0 66.0 114.1 9.5 32.3
WE 4 78.9° 202.4* — 41.2¢ 107.8¢ 7.7" 34.1°
wE 1 75.0° 5.8" 16.4¢ — 105.3* 9.0* 29.4¢
_— W 2 76.6° 7.9% 25.2" 108.2° 9.9 47.1%
{51757 SN 2 1b _ . .
R 3 77.4 9.1 23.1 110.0 9.1 50.0
e 4 77.0° 9.5 44.2* — 104.1¢ 9.3 55.9°
W1 75.1° 7.2¢ 4.2°¢ 38.5¢ 114.1° 8.2° —
L WE2 77.6° 11.6" 10.1" 83.6" 125.8"° 9.6° —
BRI A b -
W 3 78.6 14.4 12.6 93.5 122.9 8.6
W 4 77.8° 15.5° 21.0° 75.9¢ 118.2® 9.9 —
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Table 4 Ratio of typical salt ions in leachate extracted by different concentrations of KNO; and distilled water %
HhoreET WRE 1 W 2 wE 3 WRE 4
Na™® 109.3+3.6° 117.744.3° 122.643.1° 125.141.2°
Ca™" 200.3£5.2" 220.3+£4.8" 300.444.2° 300.443.9°
Mg*" 123.74+2.9¢ 457.74+6.5" 1 360.8410.5° 1756.74+12.2°
Cl™ 114.141.9° 110.241.4" 111.9+1.3° 110.2+4.2°
SO 99.4+1.6" 101.1£1.1° 117.6+2.3° 116.842.9°
HCO; 82.3+1.3° 79.941.0° 99.941.0° 82.3+1.7°
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FET 0 Na A9 3 B R0 itk v 500 A 22 B
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B
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Table 5 Comparison of typical salt ions in first and se

15.4%,8.4% ~16.5% ;1 Mg*" # HC(); A TR, 565

2 YO IR W Mg®t I HCO, & BE 73 0] O 26
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cond leachate extracted by different concentrations of KNO;

B2 Wi REESAE/ (mg LD

552 YR WROR B /AR 1 YRR MR JEE <X 100 %0

;T

WRE 1 W RE 2 R 3 WRE 4 WHE 1 W RE 2 WRE 3 WRE 4
Na' 16.9 12.2 10.6 10.7 21.840.3° 14.6+0.2" 12.24+1.0° 12.140.5
Ca®" 6.3 6.3 6.3 6.3 37.540.9* 34.141.0° 25.0+1.0° 25.0+0.6"
Mg?* 49.5 123.7 111.1 170.4 900.0£5.7¢ 608.1+£11.2" 183.6+6.2° 218.349.0°¢
Ccl- 9.4 17.6 16.4 12.9 7.940.5" 15.440.8" 14.141.3° 11.340.7°
SO? 0.7 1.3 1.2 1.7 8.441.0 15.340.4° 11.8+0.9° 16.540.9°
HCO3 47.0 37.6 47.1 44.9 114.3+4.4° 94.143.3° 94.1+2.3° 108.6+4.3°
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Fig.1 Effect of different washing reagents on increasing

rate of Nat removal for slight saline soil and heavy saline soil
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HCO; /N8, e Ak, 8500 5 , B R 08V TR 22 Bk
PE il R B A B R T A R S R R A R kIR
TR TR P T O O PR R DX M AR AT 7 AT

SRR .

SO N 3 IRV N e = 25 o 0 1 PO A
K™, Ca’" , Mg " S X 5 KA 00 77 40 ik 1 48
A 56 2 A R 4 X 9 KT B I R A P AR o, i Y
T ik (W R S o oI 45 5y 1t - HE Ca™ " R Mg™™ 1 bk
Ko 4 RS NOy MR EERIZE— @ B Bl T 11
HCO; WMk, X a] B8 5% i1 T 2R I NO5 BE ik Ut 51
B 38 B 7 3G R, b Y O B R A P A B 4T
W% — 5, B COY M HCOS 1Yk B35 1l fig
Z ) Rk TR R R, HCO, 1] B 4 4 1 [
Fro X 5HIEHF e 45 R — 80 s &0 & B, xR
WAL AT R VE RS, HCO, Wik /N, 413t
DAL 2 T2 g vk e e A g e B T T 4R
D S A A HE i TE B R e R R T A R AR 2 T
Y re g s, ek COY M HCO, o 8w 28 48 F
SRR MPERARIEHT 0—40 cm +)2 Na™,Cl,
SO SR ERSEFH FEEH.H 040 cm 12
HCO, &aE s, & TR A& T 4



% 6 3

TR AR e A5 < A [ 0 00 0T 4 9k L B X SR 0 ) O SR 37

A S . 5 FhRBERIXT 3 SO kB Rk
SN 50 IR L v B 3L MR 4 B R B AL 3+
5 SOT BREEMIETE R 17.2 %8 16.0 % , 1M ¥
FE 1 MR BE 2 fiF ER A AL BE A+ B SOT 12 2 A9 4R T R )
AR, X A] BE 2 A Oy AS 3 56 SR T By bk vk R & A
NO; ,HCO; 3% 2 Fles F+54 f i 508 /h 7 SOT
SOT W] R 2 P 4 HE R BT [ 5 58 H N O T 6
i 6 Vo i B AR

T Eh o0 B 1V A FE A 5 1 UM R BV RDR R
7R AN 1172 o = R R N e o L & AR @ T Y1)
B Na® ,Cl L, SO WES RIS 1 kW 12.1%
~21.8%,7.9% ~15.4%,8.4% ~16.5% ., 1fij Ca*" N
25.0%~37.5% . B, bt 5 Kk Uk B0 B, 1

Na®,Cl™,SO% Bl E MBI EHE, m
52 WKk YRR E Bt HCO; W RE 1 IR

94.1%~114.3% . X MR B HCO, LR/, Af
Al 5 - HERR R Eh 2 W Y FOBT R T [ R,
FIRE 32 & BEW ) RE TR 5 e, S BUEE 2 YR Uk
Mg®" 45 1 Y 183.6 % ~900.0% .

- R A 5 R I R T VA R AR R R 5 ) 5 I AL
R E R 2, ARG ) R A iR
RESRB LM 18.4 5. Na' ,Cl ¥R A&7 5 2%
FEER B A 34.0 £%.23.2 . WCIR]— v B Ik Ok R bk
RV N - R i oy == s R i e all A - e N LS YN 1}
Xf Na" MRS SXRIEHE 2R, CI 5 Na®
A AR, CLU 85 R i BR LA A i o 5 R AR A 1R
FL A7 14 - 498 F far P A ), o 2 R HE R D R 3
Cl™ 5 Na ™ A5 gy B, 555 BEAH EL , 798 4k A
B 5 B TR e AT i 6 A LT R 9% A CL 2B
FhHRAF AL B A 1.9% ~3.0%.0.05% ~1.7%.,
0.2%~4.4%,0.1%~2.5%,

AR L R BE K A Bl CRRTAR Ik L) % + 484k 73 Bk
WAL B E S, R K i 2 Sk
FEdE AT 5 (H R ek A i R L
RS R, VR et S A 22 R
Prichard T.L.%5:0 3% & 3 7 k47 80 20 ik vk, 24
WK B RJE 5 4 2 UK B A R B, BTl A 3 R A R IR
700 F 3 W R B L R A Oy kAT 0—
55 cm AR ER RV, Y HE K B IR A B 24 em B,
AT 32 mS/em BEIEE 5 mS/cm, IiEh R4
85% . WEWEIK FH i LBk i — B 45 A BAE LR E K
FEI A% 450 52 56 F e BF 5

=

4 én ib

(1) 5 Bk FI 0 2 LR + Na™ #1 CL Ag P

Yo f2 o VR . DARS R BP X Na vk A B4R oK.
A4 i IR A MR FE T Na ™ 9 R M AR FH 0 J31) e ke BECEE T
T 9.9%,18.3%.23.3 % F1 25.9 % s B BR A &L X C1 11
VEBEAE A, 4 iR & B vk BE X CU B PR e AE 4331l
XA T T 9.6%,21.2%0,18.3% M 13.5% ., # T
Na‘ﬁru Cl AR IR AOR B/ INFR 43 B - 451 2 Fn bk v 77

BT BRI 1(3.0 mmol/L) B ik,

(2) [7)—FiFf 1R 1 V5 TR VA 38 AR 0% 6 B 3 08 - L 58
2 WK BEXT 13 Na™ ,Ca®" ,Cl ,SO? ERFIH /N,
X Mg*" Hl HCO, R BRFE MK, 55 2 Rk vk )5 12
W Na' ,Ca?' ,Cl ,SO ,Mg”" fl HCO, ¥k 4>
HOMES 1 Rk EERY 12.1%~21.8%,25.0%~37.5%,
7.9%~15.4%.8.4% ~16.5%,183.6% ~ 900.0 %
94.1%~114.3%,

(3) AT B ER 5t L bk R X R R
Na™ 1Y 2 BR ORI 91 L 6 R 2K . i R 45 . i 1R
BRI R A 5 Fh bk R R X B Rt b NaT A BRiR
TR AL 45 R 0.2%~0.6%,0.1%~0.6%,
0.5%~1.0%,0.1%~0.7% F1 0.1% ~0.9% ; {H K& fily
iR B A  JHC At gk 3 R0 0 EEBE 5t CLT M R B A —
S BYAETH o B R B A TR 8T | A TR A Tk B 0 e o) o J3F
it CU e BR A& TR A8 A [ 430 o 1.9 %6 ~
3.0%,0.056%~1.7%,0.1%~2.5% M1 0.2% ~4.4%,
Tt 2 4 %o R b Wt L 25 B 3 T SR A8 Ak 1 Bl ) oy
0.01%~0.2%,
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