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Table 1 Elemental compositions and functional groups of leonardite

Mok Na K Ca Mg -COOH -OH R4y
C/% N/% H/% S/%
Material /(mg-g™") —/(mol-kg")—— Ash/%
AL A
1.66 1.07 19.87 1.60 2.74 1.63 25.70 43.17  0.87 2.74 1.24
Leonardite

H: Na. K. Ca. Mg il & - i 55 R - S0 T80 R N #4078 i 325 I 42 A9 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,;
: 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 BABHE TR KRR ([ 2 WL = 5) RiE AR, AT SR HAR, Oy [E ARE Al B0 & ik s WIABORR 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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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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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

e BRI AR RS - 1 AN FRERR [ — AR AL B R 22 55 .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, Zhaogqing 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 rep-
licates. 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", Cl", NOj3, and
SO; with ion chromatography. The leonardite used in the experiment was digested by HNO,-HC10,-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® (19.97mg-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, C17/SO,” molar ratio was proposed as a new indicator to reflect changes in anion com-
positions. 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 C1/SO; ratio suggests that leonardite could lessen

the toxic effects of Na” and CI” on plants. [ Conclusion ] With Ca®" and abundant carboxyl groups it con-
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tains, leonardite could alter ion compositions in soil solution via: 1) ion exchange between Ca’” in leonard-
ite 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 C17/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; Desaliniza-

tion and sodium deactivation
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