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ABSTRACT
This study investigated the potential influence of three organic
ameliorators (peat, biochar and leonardite) on salts and nutrients
in salt-affected soils during intermittent leaching. Results showed
that nearly 90% of salt was removed from columns in the leaching
process and sodium adsorption ratio (SAR) of the soil after leaching
was reduced by 67.3% (control, CK), 62.9% (peat), 70.1% (biochar)
and 55.0% (leonardite). Total N loss declined by 26.2% (peat),
11.7% (biochar) and 55.5% (leonardite) compared with CK in the
process of leaching. The maintaining N (NH4

+ and NO3
−) of soil after

leaching was 8.25, 7.31, 11.31 and 14.48 mg/kg for CK, peat,
biochar and leonardite treatments. Final P loss was 0.47, 0.31, 0.54,
0.27 mg/column in leaching for CK, peat, biochar and leonardite
treatments. Soluble P of soil after leaching was measured as 6.95
(CK), 5.62 (peat), 8.52 (biochar) and 3.33 (leonardite) mg/kg.
Leaching could remove the salt effectively but with nutrient loss in
the process. The findings of this study suggest that organic
ameliorators (biochar, peat or leonardite) play an important role in
retaining nutrients during leaching as well as supplying nutrients
after leaching to offer practical assistance for the amendment of
salt-affected soil in the Yellow River Delta.
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1. Introduction

Salt-affected soils (i.e. saline and sodic), known as a series of soils affected by saline-alkali
components, include various saline and alkali soils as well as other soils with varying
degrees of salinisation and alkalisation [1]. Salt-affected soils are widely distributed in
global arid and semi-arid regions. In recent years, salt-affected soils have been expanding
with more serious salinisation due to both natural (such as global climate change and sea-
water intrusion) and anthropic reasons (e.g. unreasonable irrigation and overuse of inor-
ganic fertilisers) [2,3]. Low organic matter and nutrients, insufficient fertiliser supply
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capacity and excessive salts in saline soils have caused physiological drought of crops,
which affects the absorption and utilisation of nutrients to further result in yield reduction,
quality decline and even sterilisation [4–6].

Many methods including engineering (underground drainage, physical barrier, etc.),
chemical amelioration and biological restoration have been applied to amend the salt-
affected soil [7–9]. The main idea of most practical measures is to reduce salt accumulation
around roots, which results in a large demand for freshwater [10]. However, the feasible
alternatives for amending saline soil are limited for areas with scarce water resources.

The biochar is the product of thermal decomposition of biowastes under limited/no
oxygen and temperature ranging from 300 to 1000°C [11]. Many pots and field exper-
iments demonstrate that the biochar plays an important role in improving soil structure
and promoting soil fertility and plant growth by its porous structure, large cation exchange
capacity (CEC), abundant oxygen-containing functional groups and nutrients [12,13].
Unlike biochar produced by intense combustion, the peat and leonardite are more like
the residuals of slow combustion. The peat is usually formed by the transformation and
accumulation of dead plant residues in marshes [14], while leonardite is a kind of oxidised
shallow coal [15]. Both of them have the characteristics of huge CEC (cation exchange
capacity), good ventilation and permeability, high humic acid content, strong adsorption
and chelating ability, and excellent salt balance control ability [16]. Moreover, the peat and
leonardite can help crops resist drought and salinity hazards.

Being one of the three major estuary deltas in China, the Yellow River Delta that is
located on the west coast of the Bohai Sea has become one of the key development
areas of Shandong Blue Economic Circle Strategy. This area with abundant reserve land
resources exhibits low land use rate due to the serious salinisation. In addition, water
resources in this area are scarce. It is not feasible to amend saline farmlands by flushing
soils with large amount of water. Therefore, it is necessary and urgent to find economical,
effective and sustainable method for reducing soil salinity or adjusting components of
saline soils in the Yellow River Delta. Low content of organic matter is regarded as one
of the main reasons to restrict the productivity of saline soil. Organic amendments can
not only improve soil properties but also increase soil fertility, especially suitable for
arid and semi-arid areas [17]. Thus the purpose of this study is to compare the effects
of different organic amendments (peat, biochar and leonardite) on leaching of salts and
nutrients in salt-affected soils.

2. Materials and methods

2.1. Study area and sampling

The field site is adjacent to the Bohai Sea and located in the Yellow River Delta (N 37°
41′17.25′′, E 118°36′03.76′′), China. Mean annual precipitation here is 564 mm, however,
approximately 78% of the precipitation occurs from June to September [18]. Top salt-
affected soil samples with depth of 20 cm were obtained from tilled land in November
2016 after winter wheat sowing. The texture of soil was clay loam with salt content of
7.5‰ and bulk density of 1.25 g/cm3. The organic matter and total nitrogen content of
target soil were 9.84 and 1.23 g/kg, respectively. The soil samples were crushed to pass
through the 1 mm sieve after natural air-drying in the laboratory.
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Three carbon-rich ameliorators were used in this study, including leonardite (Luliang,
Shanxi), peat (Jiahe Company, Heilongjiang) and biochar (produced by corncob at 400°
C with oxygen limitation). The CEC of leonardite/peat/biochar was 53.15/134.76/
75.97 cmol/kg, and other properties were presented in Table 1. Ameliorators were
sieved through 0.15 mm sieve and dried at 40°C for reserve prior to the experiment.

2.2. Experiment design

Leaching columns used in this experiment were made of polypropylene with an internal
diameter of 5 cm. The cylinders were filled with clean gauze at the bottom to prevent soil
flowing by. Leachate from each column was collected in 100 mL polyethylene bottle which
was weighed before leachate collection in order to determine the leachate volume. The
weight of leachate was the weight difference of empty bottle and bottle containing lea-
chate. The leachate volume could be calculated using leachate weight and its supposed
density of 1.0 g/cm3.

All columns were packed to the bulk density of 1.25 g/cm3 according to the field
measurement. Before filling columns, ameliorator was mixed fully with soil to reach the
final content of 30 g/kg. Each treatment had three replicates. A hole was drilled at the
end caps and drain tubes were attached to the bottom of each column by a rubber.
Every 5 cm soil was compacted to form a 15-cm soil column. Deioned (DI) water was
used to simulate the rainfall. Volume of each leaching event was determined as 50 mL
according to the heavy rain event in summer. Each leaching was dripped drop by drop,
and accomplished within 24 h for every 3 days. A petri dish was put on the top of the
column to prevent the evaporation of water from the column during the interval. The
experiment completed after six leaching events.

Soils in the columns after leaching were air dried and passed through 2 mm sieve. Phy-
siochemical properties including EC (electrical conductivity), pH and soluble ions (Na+, K+,
Ca2+and Mg2+) concentration as well as nutrients (soluble NH4-N, NO3-N and PO4

3−) were
determined. SAR (sodium adsorption ratio) was calculated.

2.3. Analysis method

Soluble salt content of the soil was determined by the residual drying method, CEC was
determined using a sodium acetate – flame photometry method and total cation mass

Table 1. Chemical compositions and basic properties of ameliorators and soil.

Water extracts pH EC (mS/cm)

Na+ K+ Ca2+ Mg2+ NH4
+-N NO3-N PO4

3−

(g/kg) (mg/kg)

Peat 4.57 1.70 0.27 0.07 0.97 0.47 0.33 1.23 0.11
Biochar 7.99 8.32 2.00 6.83 0.21 0.20 0.06 0.08 12.12
Leonardite 4.87 1.33 0.11 0.01 0.94 0.17 57.65 30.64 0.57
Soil 7.56 3.04 2.09 0.04 0.39 0.17 1.87 30.12 7.03

Amendments Na+ K+ Ca2+ Mg2+ –COOH –OH Ash C N H S

(g/kg) (mol/kg) (%)

Peat 2.01 2.99 3.69 2.57 0.72 1.71 18.00 49.73 2.56 0.07 0.66
Biochar 7.81 18.84 19.00 5.38 1.85 1.63 64.02 46.92 0.56 3.07 0.14
Leonardite 1.66 1.07 19.87 1.60 2.74 1.63 25.70 43.17 0.87 2.74 1.24
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was determined by HNO3–HClO4–HFmethod [19]. Soluble cations (Na+, Ca2+, Mg2+ and K+)
were analysed by ion chromatography Dionex ICS3000 (Dionex Corporation, USA). Soluble
NH4-N, NO3-N and PO4

3− was determined by continuous flowing analyser (Seal-Branlubbe
AA3, Germany). The contents of –COOH and phenol –OH were determined through the
titration method provided by the International Humic Substances Society (http://humic-
substances.org/). Soil organic carbon was determined by wet digestion using a mixture
of potassium dichromate and sulphuric acid, followed by heating [20]. Electric conductivity
(EC) and pH were measured at the soil–liquid ratio of 1:5. Inorganic and total organic
carbon were determined by total organic carbon analyser (Shimadu TOC VCPH, Japan).

2.4. Data analysis

Data were analysed by Origin 8.1, Excel 2003 and SPSS 19.0. Duncan’s multiple comparison
test (P < 0.05) was conducted to determine the difference of means for the soil analysis
results. SAR was calculated by the following equation [21]:

SAR = [Na+]������������������
[Ca2+]+ [Mg2+]

√ , (1)

where [Na+], [Ca2+] and [Mg2+] in solution were expressed in mmol/L.

Cumulative leachate of cations =
∑n=6

i=1

Ci∗Vi , (2)

where Ci (mmol/L) and Vi (L) shown in Equation (2) denoted the amount of relative cation
in leachate corresponding to the leaching event (e.g. when i = 2, it is referred as the second
leaching event).

3. Results and discussion

3.1. Basic properties of ameliorators and the soil

Na+ was the main cation in soil extract before the experiment to account for more than
80% of total cations (Na+, K+, Ca2+ and Mg2+) while by Ca2+ accounted for 8.9% of total
cations (Table 1). SAR of soil extract was also high due to the high concentration of
soluble Na+.

The background properties of raw materials played important role in soil amendment.
Hydroxyl and carboxyl groups with high contents enabled the three carbon-rich ameliora-
tors to possess strong ion exchange and complexation ability, and a certain amount of
nitrogen or phosphorus demonstrated the potential of providing nutrients. Biochar was
alkaline with pH of 7.99 while peat/leonardite was acidic with pH of 4.51/4.87 in the pres-
ence of humic substance (Table 1). Monovalent K+ in biochar was relatively abundant in
comparison with cations and soluble K+ even reached 6.83 g/kg, which could not only
supply nutrient but also help resist salt damage of crops [22,23]. Divalent ions including
Ca2+ and Mg2+ were dominant in peat and leonardite. Soluble Ca2+ in leonardite was
up to 0.94 g/kg, and the total amount of Ca2+ was 19.87 g/kg. It is generally believed
that Ca2+ could contribute to the improvement of salt-affected soil by displacing
exchangeable Na+ which is the basis of gypsum as an amendment [24], promoting the
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formation of aggregate structure [25], and improving the physical and chemical properties
of saline soil.

3.2. Variation of physiochemical properties of soil and leachate during and after
leaching

The leachate pH of each group varied with two significant stages during the leaching
process (Figure 1a). The leachate pH slowly declined to the bottom (around 7.8) at the
third leaching event with leachate volume of 150 mL, and then soared up to 9.1 with
increasing amount of inorganic carbonate. The concentration of inorganic carbon
(HCO3

− and CO3
2−) in the leachate of control (CK), biochar treatment, peat treatment and

leonardite treatment was less than 50 mg/L at the beginning and 216.9, 247.8, 333.3
and 420.3 mg/L at the end of leaching with p < 0.05, respectively (Figure 1b). A preliminary
conclusion was obtained that the rapid increase in pH during the leaching process was
possibly caused by the production of inorganic carbon if considering the existence of inor-
ganic carbon in leachate. Alkalisation during the desalination process of saline soils had

Figure 1. Variation of leachate pH, IC, EC and SAR in the process of leaching. (a: pH variation of different
treatments; b: inorganic carbon content variation of different treatment; c: EC variation of different
treatments; d: SAR variation of different treatments).
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been observed in many leaching experiments [26,27], which might be related to the equi-
librium of CaCO3 precipitation and dissolution, i.e. CaCO3 + CO2 + H2O↔ Ca2+ + 2HCO3

−

[28,29]. Carbonate minerals dissociated to produce HCO3
− and CO3

2− in order to balance
the charge in the soil when anions such as Cl− and SO4

2− were leached out of soil. More
HCO3

− and CO3
2− were needed when other anions gradually decreased with the leaching

process. Peat and leonardite were obviously acidic to activate calcium carbonate in soil
and promote CaCO3 hydrolysis to form more Ca2+ and CO3

2− to some extent, which
might also explain the leachate from leonardite and peat treatments had higher pH and
concentrations of inorganic carbon.

EC of the solution showed similar variation trend in CK or different treatments (Figure
1c). EC reached the highest value (35 mS/cm or so) at the second elution, and then fol-
lowed a subsequence decrease. The trend of EC was just opposite to that of pH. In
addition, the final mean EC in the solution of CK, peat, biochar and leonardite treatments
was 3.34, 2.70, 3.41 and 2.17 mS/cm, respectively. Columns packed with soil treated by
biochar had a higher EC final elution while that of the other two humic ameliorators
was lower compared with CK.

SAR is suitable for soil solution and irrigation water and related to ESP (exchangeable
sodium percentage) on soil clay minerals or exchange complex [30]. SAR is considered
as the key concept to explain swelling of clay minerals and the difficulties in reclaiming
salt-affected soils. SAR of elution calculated in every leaching event was demonstrated
in Figure 1(d). Except SAR in leonardite treatment, the remaining SAR values tended to
slowly decline after the soaring rise at the first leaching to indicate the decrease of Na+

in column with the leaching process.

3.3. Accumulation of ions in soils during and after leaching

Cumulative Na+, K+, Ca2+ and Mg2+ in each leaching was shown in Figure 2. Na+ pre-
dominantly existed in the leachate to account for more than 75% of the total cations
(Na+, K+, Ca2+ and Mg2+). Fay and Shi [31] reported that excessive Na+ could cause col-
loidal dispersion and structural damage in saline soils. Therefore, the damage caused by
Na+ would be probably mitigated when soluble and exchangeable Na+ were leached
out of soil. At the end of leaching, the accumulative Na+ leached from CK, peat,
biochar and leonardite treatments reached 30.75, 31.10, 32.69, 30.79 mmol/column,
respectively. More Na+ was leached from the columns treated by biochar (p < 0.05)
compared with CK.

Ca2+ concentration in leachate with peat/leonardite treatment was 18.2%/14.1% higher
than that in CK because peat and leonardite contained a certain amount of soluble Ca2+. In
addition, humic acid rich in peat and leonardite activated calcium carbonate of the soil to
result in more soluble Ca2+ in the leachate.

The accumulative Mg2+ content in the leachate treated by biochar (6.25 mmol/column)
was higher than that of CK (5.72 mmol/column), peat treatment (5.35 mmol/column) and
leonardite treatment (5.32 mmol/column), which might be ascribed to the higher total
background Mg2+ content (Table 1). The accumulation of Mg2+ in peat and leonardite
treatment was less than that of CK (p < 0.05).

Many studies have demonstrated that salt and water movement is the internal mech-
anism on amendment of salt-affected soil [32,33]. Excessive salt migrated and discharged
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from soil with effluent is considered as the main contribution to salt reduction [34,35].
After six intermittent leaching, content and composition of cations in the remaining soil
took the corresponding change (Figure 3). The content of the most harmful cation –
Na+ in CK and amendment application treatments (peat, biochar and leonardite)
decreased by 90.1%, 88.5%, 90.5% and 86.57% at the end of experiment. Biochar contrib-
uted to the greatest decline of Na+ because of the rigid structure which probably pro-
moted water conductivity to accelerate the discharge of soluble Na+ with elution from
soil [2,36]. In addition, soil columns treated by biochar contained more K+ (0.26 mmol/L)
for the development of crops while K+ content in CK/peat treatment/leonardite treatment
was 0.11/0.14/0.15 mmol/L.

SAR of soil treated by CK, peat, biochar and leonardite reduced by 67.3%, 62.9%, 70.1%
and 55.0% (Figure 3e), indicating damage alleviation of cultivated land salinity. SAR results
exhibited that the effect of amendment on salt-affected soil varied with the types of ame-
liorators, which was useful to explain the different effects of organic carbon ameliorators
on the improvement of salt-affected soils in the Yellow River Delta.

Figure 2. Variation of cumulative cations (Na+, K+, Ca2+ and Mg2+) in leachate (a: cumulative mass of
cations in CK; b: cumulative mass of cations in peat treatment; c: cumulative mass of cations in biochar
treatment; d: cumulative mass of cations in leonardite treatment).
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Figure 3. Variation of cation composition, SAR and pH compared with the initial. (a: Na+ variation of
different treatments; b: Ca2+ variation of inorganic carbon content; c: K+ variation of different treat-
ments; d: Mg2+ variation of different treatments; e: SAR variation of different treatments; f: pH variation
of different treatments).
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Soil pH increased by about 1.0 after leaching, and the final pH of CK, peat, biochar and
leonardite reached 8.31, 8.36, 8.30 and 8.33 respectively. There was no significant differ-
ence among various treatments (p < 0.05).

3.4. Accumulation of N and P during and after leaching

NH4-N and NO3-N are believed as the main inorganic nitrogen sources for plants to uptake
and utilise [37]. They play a very important impact on plant growth, crop yield and quality.
However, the efficiency of nitrogen utilisation was observed to be lower in salt-affected
arable land [38]. One of the possible reasons is the serious loss of NO3-N companying
with eluate due to the high solubility and negative charge [39]. NO3-N was dominant in
the leachate of each column (Figure 4). Compared with CK, cumulative mass of NO3

- N in
columns treated by organic ameliorators (peat, biochar and leonardite) decreased by
26.9%, 12.0% and 66.4% respectively, indicating the addition of exogenous carbon ame-
liorators would inhibit the leaching-out of NO3

- N. NH4
- N of leonardite treatment was signifi-

cantly higher than those in other groups because leonardite contained large quantity of
NH4

- N (Table 1). At the end of leaching, the cumulative mass of NH4
- N of leonardite treat-

ment reached 2.46 mg/column, whereas that of CK/peat treatment/biochar treatment was
0.41/0.45/0.39 mg/column. The total soluble nitrogen (including NO3

-N and NH4
- N) in peat/

biochar/leonardite was reduced by 26.2%/11.7%/55.5% compared with CK, indicating the
reduction of nutrient loss and further increase in the efficiency of N utilisation. The CEC of
peat/biochar/leonardite was 75.97/134.76/53.15 cmol/kg, which was consisted with the
reduction ability of N. Generally speaking, CEC comes from the specific carbon functional
groups [40] and a higher CEC indicates more existence of hydroxyl and carboxyl functional
groups in organic ameliorators [41]. NH4

- N with positive charge might be physically or
chemically adsorbed on these organic carbon groups by the following processes:

Ameliorator− COOH+ NH+
4 ↔ Ameliorator− COONH4 + H+ (3)

Ameliorator− OH+ NH+
4 ↔ Ameliorator− ONH4 + H+ (4)

It was reported that the leaching of soil NO3
− was ascribed to the electrostatic repulsion

of negative surface charges which inevitably inhibited the attachment of NO3
− to the soil

surface [42]. However, slight changes in pH could make a big distinction on electrostatic
repulsion and the repulsion would reduce in acidic environments. In this situation, NO3

−

becomes attached to the surface of peat and leonardite due to the acid humic substances.
Therefore, peat and leonardite reduced more NO3

− loss compared with CK and biochar
treatment and further reduced more total soluble N since NO3

− was dominant in the
soil. The result of NO3

− retention in biochar was similar to the former study [43], which
might be partially explained by porous structure resulting in pore sequestration.

Different from soluble N, phosphate was rapidly released from columns during the
leaching process to reach the final accumulative leaching amount of 0.47/0.31/0.54/
0.27 mg/column in CK/peat treatment/biochar treatment/leonardite treatment (Figure
4e). Phosphorus is one of the essential nutrients so that its migration and transform-
ation in soil intensely affect the development of crops. The sorption mechanisms of
PO4−P are believed to depend on metal ion reactions (such as precipitation and
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surface deposition) [44]. The cumulative mass of phosphorus in the leachate of biochar
treatment increased by 14.6% compared with CK, though some former research indi-
cated that biochar had no effect or positive effect on retaining P in the soil [42,45].

Figure 4. Cumulative mass of soluble NH4-N, NO3-N, PO4
3− and TOC (a: cumulative mass of soluble NH4-

N, NO3-N in CK; b: cumulative mass of soluble NH4-N, NO3-N in Peat; c: cumulative mass of soluble
NH4-N, NO3-N in Biochar; d: cumulative mass of soluble NH4-N, NO3-N in leonardite; e: cumulative
mass of PO4

3− by different treatments; f: cumulative mass of TOC by different treatments).
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The abundant P contained in biochar would attribute to the more loss. The existence of
activated Ca2+ in the soil by acid peat and leonardite might lead to simultaneous
chemical precipitation and ligand exchange between soil and PO4

3− [46]. Content of
P in peat/leonardite treatment decreased by 35.3%/42.2%, much lower than that in
biochar treatment, which indicated that humic materials had a better phosphate reten-
tion effect. In addition, the cumulative P loss showed similar variation pattern with the
pH of soil leachates. P continued to be released from the soil column as the pH
increased through leaching, which was undesirable in the Yellow River Delta from view-
point of the soil nutrient management.

Dissolved organic carbon (DOC), more mobile and bioavailable part of organic matter in
soil, is commonly defined as the organic matter remaining in solution after 0.45 μm
filtration [47]. The accumulative DOC reached 1.50/0.78/1.26/1.40 mg/column in CK/peat
treatment/biochar treatment/leonardite treatment (Figure 4f). All organic ameliorators
had the ability of preventing the loss of DOM and peat possessed the best performance.

Nutrients in column soils were determined after leaching. The total soluble N was 8.25/
7.31/11.31/14.48 mg/kg in CK/peat treatment/biochar treatment/leonardite treatment
while phosphate was 6.95/5.62/8.52/3.33 mg/kg. The organic carbon content was 4.46/
18.03/11.18/17.50 mg/kg in CK/peat treatment/biochar treatment/leonardite treatment.
The results showed that organic ameliorators had a positive effect on amending salt-
affected soils. Higher retention of nutrients would later lead to a higher crop yield.

3.5. Expectation

The peat/biochar/leonardite was used to ameliorate the salt-affected soil in this study. The
results indicated that these ameliorators had positive effects on helping the retention of
nutrients to significantly promote the levels of soil nutrients. The high CEC and abundant
functional groups of ameliorators promoted the amendment potential for soil so that
these materials could be used for ameliorating the low yield lands (acid soil, sand land
and other soils with low nutrients) and the soils with other anthropogenic impacts such
as heavy mental/xenobiotics pollution [48]. Therefore, the three organic materials could
play an important role in fighting soil degradation since a significant decrease in soil
quality and crop yield has been observed worldwide in the last decades.

Organic ameliorators like peat/biochar/leonardite could foster plant development by
providing exogenous organic matters for the soils. The addition of organic ameliorators
could improve the nutrient conditions of the soils, increase microbial population and
microbial diversity, and then affect ecosystem processes such as primary productivity
and nutrient cycling [49,50]. Further research on these processes in the future might
provide more information on the amendment of salt-affected soils using organic
ameliorators.

4. Conclusion

Leaching process reduced salt in soil effectively, nearly 90% of salt was leached out. In
addition, the cation composition changed and the SAR of soil column declined conse-
quently. Ameliorators including peat, biochar and leonardite had a positive effect on
the amendment of the salt-affected soil. These organic ameliorators not only increased
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soil fertility (N, P, K and organic carbon) but also promoted soil nutrient retention ability
and decreased nutrient loss during leaching. Peat and leonardite took advantage on the
retention of N, while biochar performed better on supplying of P and K. All the ameliora-
tors had the ability of C retention. At the end of leaching, the increase of soil pH caused by
desalination should be paid more attention since increased pHmight accelerate the loss of
phosphate in soil.
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