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1.1 #Hiare

At 3R B IR A AR T AR ik
Y, ST ER—E /N ERAER . 20164E11 1]
IR 2 /N2 HIR DL B BEERAS Sy, 431X (3 Bk
Be) RESS NS, S2. SIMEZ L (0-~20
cm) o 3R EAEIELE E H AR T, 122 mmi
HH . T A, RERAC (Ehk)
+ (S1A1s2) Ffdhk+ (S3) . S1. S2KS3HAHM
AR H20.6. 19.8, 11.2 mg-g™', &ib&E
BM1.0, 7.5, 353 mg-g.
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conductivity, EC) ¥7E[ WL AT = SEHINE .
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min, 5 BV, RN AW LB K B0 PR
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e as BR300 r-min™ (HE R 7 d, WRL0.45
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HEBEMA (-COOH K M-OH ) % F [ o 85 7l Jot
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A, [Na'] L [Ca™ ] B [ Mg ) Fmieh

AR F U, mmol-L'. &6 Lo 8RR b
Cl 5805 MY EE /R B HE

AR H . T 5 & 5351 R - Excel 2003,
SPSS 19.0 % Origin 8.1 #AF#47.
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M 2R VR 2 TR, IRUA AR = 1% 31 ik I 45 1) BH
B BRI K TKIE RS TR, KGN,
K™, Ca*", Mg 4°40.11, 0.01, 0.94F10.17
mg- g™, HIHMERERG6.6%. 4.7%. 10.6% K
0.6%. NALEZHRWMpH 4.87, BERYE, A%
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Table 1 Elemental compositions and functional groups of leonardite

pupst Na K Ca Mg -COOH -OH K4y
) C/% N/% H/% S/%
Material /(mg-g™") ——/(mol-kg")—— Ash/%
AL S
1.66 1.07 19.87 1.60 2.74 1.63 25.70 43.17  0.87 2.74 1.24
Leonardite

#: Na. K. Ca. Mgﬁﬁﬁﬁﬁ-%%@ﬁ-%ﬁ%ﬁﬂ%?ﬁﬁ@%m%E"J“é\i Note: Total Na, K, Ca and Mg in the leonardite is

determined with the HNO;-HCIO,-HF heated digestion method

R2  RALRANEA SRR IR R A LA AR AN 1 B

Table 2 Chemical compositions and properties of water extract of leonardite and humic acid

Rk Na® K" Ca** Mg* Ccr NO; SO~ " EC,;
i p
Material (mg-g™ /(mS-cm™)
AL
0.11 0.01 0.94 0.17 0.01 0.10 3.78 4.87 0.33
Leonardite
ik
0.96 0.04 0.01 0.00 — — — 4.18 1.03
Humic acid

T BABH R 7 KB ARI ([ 2 WL = 5) FPIE AR, AT SR THLAR, SOy IR ARE B0 & ik s AR 5K A LR

A1 : 100 Note: Concentrations of cations and anions in water extract (water: leonardite ratio of 5 : 1; water: humic acid ratio 100 : 1)

were converted to contents on solid basis for the convenience of comparison with Table 1
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BN, 3% . T% . 9%; KHEWSA .

S2 IR P, Na'7E40m b FE S,
5 R R vh ) EAAUE B (AR AL . R )
HEAT B FACH (i A Na Ve BE A PTREAR, S UILAR I,
Ca® M i il AL JBE VRS i 3 i in 38 K, I Rk
X FH (R=0.992) .

S3 M FrEh B ER T, SR R/ TE
BB % . WIMRALE S, 3R P Na W
EAANA (T1) 804 5T F R (T2 T35 5 %
1.6%M4.6% ) ; Ca’ fhHk 5 538 Jna.4% .
9.6%. 12.1%; Mg> WEEFET2FTING TFf; KUk

JEE VAT 52 AR SRR 0 () 5 )
2.3 MR RIBRPABS FREMNZI

B2, RS TR HEI Hh ClUvk B 76 KL IR
T A 1% i, Z 5 BHAREREARE; SO,
FE 5 XA I A IE A 26 (R*=0.990) , &4 H
Ao B IN38% . 119% . 213% ., NO, W E{LAET3
A BRI

S22 HHER W, Cl i BB AR
60% LA I o XALKE R A 25 228 CUFINO, 5
TR, (HSO;™ 7ET2HIT3A BE i 4 CK 4 7 4 Jin
6%F118%

SIRIEMW P CUEM & Fh & EF AL, WRE
k104 mmol-L™'. WKL CI & #HE T
W, TESQunEEmy, CUHR B IIFEAE T75.18
mmol-L™", {Hl FHIAECUHRIE K&, A Cl
FEA14R 3£ 5199.6 mmol-L™',
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Fig. 1 Variation of cation concentration in the extract of soils with different salt contents and leonardite dosages
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Fig. 2 Variation of anion concentration in the extract of soils with different salt contents and leonardite dosages
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AR AR IS B 2 T a7
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22]

( Exchangeable Sodium Percentage, ESP) '/,

BT B BOR BT, BT ac ik
A A R o KPR TR I AR T A IR R
FISARME, #A4bBim R W EES (£3) , SARMH
Yo 0 AU g FH 38 S B R B R AL BT
fNER b, NaCURE FRZ AR, XHEY
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Na' & SR EN T, SRR (B HR
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S3) IZRMAYSAR, XS Kk AR Hh B H A AR
LSBT A Na 7554, TR AKpH FISAR
(KE3) .

A (Cl7/SO; ) EAMI S MSARKE Ay
— bR, TR TR AN R fa 3 R EE Y
B2 7 A X B . CUXHE G E Ak, i
WEEISOy AEAEE . SR XL 2%
FEARGAGL LG, BfE R St i3, KU R IR S
B LU ARk 55 . 7ES3 (FrEhi35.5 mg-g™' ) H4
W, WIS % 1 IR R 2 B kA PR . A
B, 78 S A 6 IR S 8 5 R X —
Fol R S R = R

12 jsiisAr. 10— JriipH
SAR of soil extract pH of soil extract
S &5 R 2 Y S 19 SAR CAG SRR SR
10} SAR of the soil extract after reaction pH of the soil extract after reaction with humic acid
with humic acid BR —
81 o N ]
S )
2 o z
41
a 7
2t 2r
0 ?;1 0
S1 S2 S3 Sl S2 S3
PN DG M) f dh i

Soils different in salt content

P13 DRV RE B IR ) i o A [ 5

Soils different in salt content

3 (S1. S2. S3) M SARFIpH 1 5

Fig. 3 Effect of leonardite-derived humic acid on sodium adsorption ratio and pH in solutions from soils with different salt

contents (S1, S2 and S3)

RI ZHERDIBRIERMPH. WML RS

Table 3 pH, SAR, and C17/SO;™ of extracts of soils with different salt contents

LA

pH SAR CI/S0,”"
Salt content of soils
1.0mg-g" (S1) CK 7.65 +£0.09a 0.95 +0.03a 1.92 £ 0.02a
T1 7.67 £0.01a 0.85+0.01b 1.26 £ 0.04b
T2 7.68 £ 0.03a 0.75 £ 0.02¢ 0.76 = 0.02¢
T3 7.60 £0.07a 0.68 £0.01d 0.55+0.01d
7.5mg-g” (S2) CK 7.56 £ 0.06a 7.81 £0.13a 10.20 £ 0.15a
T1 7.62 £0.03a 7.51 £0.09b 10.19 £ 0.29a
T2 7.56 £ 0.06a 6.94 = 0.05¢ 9.32 £ 0.31ab
T3 7.60 = 0.06a 6.61 £ 0.02d 8.25 £ 0.46b
35.3 mg-g” (S3) CK 7.02 £ 0.05a 9.49 £ 0.10a 24.57 +0.18a
T1 7.02 + 0.04a 9.58 £ 0.05a 24.94 + 1.34a
T2 7.08 £0.06a 9.21 £ 0.08c 23.36 £0.0la
T3 7.18 £0.02a 8.96 £0.01d 22.74 £ 1.33a

W R AR RS - 1o ARRVNG FREFRIR A — SRR b B ) 2% 7 i 3% (P< 0.05) Note: Soil solution was obtained

from a | : 5 soil: water mixture. Different lower-case letters indicate significant differences between treatments at 0.05 level
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Processes of Leonardite Altering Cation and Anion Composition of Soil Solution
in Salt-affected Soil in the Yellow River Delta

WANG Jie"? XIAO Liang"> BI Dongxue"> WEI Jing' YUAN Guodong®’
(1 Yantai Institute of Coast Zone Research, Yantai, Shandong 264003, China)

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

(3 School of Environmental and Chemical Engineering, Zhaoging University, Zhaoging, Guangdong 526061, China )

Abstract [ Objective ] To ameliorate salt-affected soil in the Yellow River Delta for productive use
is of great social and economic significance to the region. Trials have been conducted to use leonardite as a
soil amendment for the purpose, but failed to get consistent results and probe in-depth into the causes. This
research aimed to assess changes in salt composition of the soil solution in the salt-affected soil applied
with leonardite, and reveal processes and mechanisms of the changes. [ Method ] Three topsoil samples
(S1, S2 and S3), different in salt contents (1.0, 7.5, and 35.3 mg-g~', respectively), were collected from
a farmland in the Yellow River Delta. After being air dried and gently ground to pass a 100-mesh sieve,
the samples were mixed, separately, with leonardite at 0%, 1%, 3%, and 5% in dosage and each treatment
had two replicates. Then the mixtures were prepared separately into suspensions (solid: water = 1g: 5 ml),
which were shaken at 300 r-min' for 7 d and then centrifuged at 3 000 r-min' for 10 min. The obtained
supernatants (or soil extracts) went through a 0.45-um filter and got ready for analysis of Ca’’, Mg™’, K,
Na“, CI", NO3, and SO;™ with ion chromatography. The leonardite used in the experiment was digested by
HNO,-HCI1O0,-HF for analysis of Ca®, Mg”", K*, and Na", and its carboxyl and phenolic hydroxyl groups
were determined with the titration method of the International Humic Substances Society. [ Result ]
The leonardite was found to contain Na™ (1.66 mg-g™"), K" (1.07 mg-g™"), Ca* (19.97 mg-g™"), Mg™" (1.60
mg-g™"), carboxyl group (2.74 mol-kg™") and phenolic hydroxyl group (1.63 mol-kg™'). In the soil solution,
sodium adsorption ratio (SAR) decreased with leonardite increasing in spiking dosage, which was attributed
to Ca’" release from and Na' adsorption to leonardite. In the treatment of adding 5% leonardite to soil S2
SAR reduced from 7.81 to 6.61. In analogy to SAR, CI7/SO,”” molar ratio was proposed as a new indicator
to reflect changes in anion compositions. It decreased from 10.20 to 8.25 in the treatment, which was a

result of SO,” release from and/or Cl™ retention by leonardite. The reduction of SAR and Cl7/SO; ratio
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suggests that leonardite could lessen the toxic effects of Na” and C1™ on plants. [ Conclusion ] With Ca™
and abundant carboxyl groups it contains, leonardite could alter ion compositions in soil solution via: 1) ion
exchange between Ca’’ in leonardite and Na'in soil solution, reducing Na“ concentration in the solution and
its harmful effect; 2) replacement of Na” adsorbed on soil colloids by Ca*" released from leonardite, favoring
formation of soil aggregates and leaching of Na'; and 3 ) formation of complexes of Na'in solution with
organic substances dissolved from leonardite, reducing Na' activity and toxicity. It is, therefore, proposed
that SAR and C1/SO; ratio be tested as indicators for fast laboratory assessment of suitability of soil
amendments for use in salt-affected soils, which would help land managers choose proper soil amendments
for use and avoid input of Na-rich organic materials, such as sodium humate, in salt affected soils.

Key words Amelioration of salt-affected soils; Leonardite; SAR; Chloride/sulphate ratio;

Desalinization and sodium deactivation
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