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Abstract: Soil salinization is a problem that arouses the world’s attention. Soil salinity is an important
limitation for agriculture production in coastal area. Phosphorus is a very important nutrient element
in the process of plant growth, and its effectiveness affects plant growth to a great extent. In this
study, soil available phosphorus and its component in Hedley phosphorus classification were found
to be affected by soil salinity in coastal areas of Jiangsu Province. Several key environmental factors
changed under the saline environment of the coastal areas, such as soil salinity, soil pH, and soil
alkaline phosphatase activity. These environmental factors were significantly correlated with soil
available phosphorus. Results showed that there were significant correlations between soil salinity
and other environmental factors, and soil salinity and alkaline phosphatase activity were the main
influencing factors of soil available phosphorus in this study. Significant positive correlation was
found between alkaline phosphatase activity and soil salt content, and soil salinity was considered
as the most important impact factor for soil available phosphorus as it affected the surrounding
environment, and the soil alkaline phosphatase could be considered as the direct influencing factor for
soil available phosphorus. Analysis between the soil alkaline phosphatase activity and phosphorus
component showed that soil alkaline phosphatase activity could increase the proportion of active
inorganic phosphorus and medium active inorganic phosphorus in soil phosphorus pool, which
explained the effect of soil alkaline phosphatase activity on soil available phosphorus.

Keywords: salt-affected soil; available phosphorus; phosphorus classification in Hedley; soil salinity;
alkaline phosphatase activity

1. Introduction

Soil salinization has become a worldwide resource and environmental problem [1-3],
which seriously affects the stability of the agricultural ecosystem and the development
of agricultural economy [4]. About 9.30 x 10® ha of land is currently threatened by soil
salinization [5,6]. About 9.9 x 107 hectares of land in China are under the threat of soil
salinization [7], and the coastal region is one of the regions with a wide distribution of
salinized soil in China [8].

In saline soil, due to the influence of soil salinity or alkalinity, the phosphorus applied
to the soil existed in the form of insoluble phosphate with low availability [9,10]. The
increase of electrical conductivity not only affected soil physical and chemical properties
such as soil structure, bulk density, and permeability [11], but also reduced the activities
of soil microbial biomass and alkaline phosphatase [12,13], affected the transformation of
phosphorus in soil and hinders the absorption of phosphorus by crops, resulting in the
reduction of chemical and biological availability of phosphorus. Phosphorus deficiency
and saline alkali were two major ecological problems limiting crop production. The
adsorption of phosphorus on the soil surface was strengthened due to the existence of
salt, and this adsorption was enhanced with the increase of soil pH. Therefore, under
saline conditions, due to factors such as high pH, high conductivity, and low soil organic
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matter, the availability of phosphorus was reduced, aggravating the degree of phosphorus
deficiency in plants [14,15]. Plants mainly absorb HPO,% or H,PO,~, while PO43~ was
not easy to be absorbed. Due to the existence of high pH, the available phosphorus will
be quickly changed into invalid phosphorus through adsorption fixation, precipitation, or
microbial absorption.

Obstacle factors of soil saline and alkali of coastal saline soil in Northern Jiangsu
seriously restricted crop growth. The existence of a large amount of Na*™ and C1™ in the
soil had a toxic effect on plants, inhibiting the growth of crop roots and their absorption of
nutrients such as Ca2*, K*, N, and P. At least, the growth was limited and the yield was
reduced. Seriously, it would affect the emergence of seedlings and result in no harvest [16]
In addition, obstacle factors of soil saline and alkali also had a direct impact on the soil’s
physical and chemical properties and reduced soil nutrient availability. The results of the
second national soil survey showed that the content of available phosphorus in coastal
saline farmland in Northern Jiangsu was very low, and the average content of the whole
region was 4.91 mg/kg, and nearly 70% of the soil was generally lacking in phosphorus. In
recent years, with the large-scale application of chemical phosphorus fertilizer, the total
amount of phosphorus in farmland soil increased [17]. However, due to the characteristics
of coastal saline soil, a large amount of phosphorus was fixed in the soil, which was difficult
to migrate to the crop rhizosphere, resulting in the phosphorus utilization rate of only
10-25% in that season [18]. A large number of studies pointed out that the increase of
soil conductivity led to the destruction of soil structure, resulting in soil compaction and
expansion, poor ventilation and water permeability, and easy hardening of topsoil [11].
In addition, the existence of high soil salinity and pH would also affect the structure and
activity of the soil microbial community, reduce the activities of soil microbial biomass
and alkaline phosphatase [12], seriously restrict the availability of soil nutrients, especially
phosphorus, hinder the absorption of phosphorus by crops, and reduce the utilization
rate of phosphorus. Therefore, at present, it seemed that soil salinization and low nutrient
availability were important problems in the agricultural production process of coastal
farmland in Northern Jiangsu [19].

Our study focused on the influence of salinity soil on phosphorus availability, the
possible impact factors of soil available phosphorus in coastal area, and the possible
influence mechanism of possible factors on phosphorus availability and provide possible
measures for improving the availability of phosphorus.

2. Material and Methods
2.1. Soil Properties

Soil samples were collected from newly reclaimed coastal area of Tiaozini in Dongtai
county, Jiangsu Province (120°54/8.04" E, 32°38'42.01"" N). This farmland is located nearly
1 km from the Yellow Sea. The soils which represented the characteristics of three different
salt contents were collected and showed in Table 1.

Table 1. Main properties of the survey soil.

Soil Salt Total Available
Salinity Classification pH Content Phosphorus Phosphorus
(gkg™) (mg kg—1) (mg kg—1)
Non-saline soil 8.77 0.51 812.45 44 .41
Slightly salinized soil 9.00 1.55 709.95 21.04
Moderately salinized soil 9.30 2.53 651.20 11.05

Note: In the table, non-saline soil represented the soil with salt content less than 1 g kg~; slightly salinized soil
represented soil with salt content between 1 g kg™! and 2 g kg~!; moderately salinized soil represented with salt
content more than 2 g kg~ [20].
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2.2. Soil Properties Analysis Method

(1) Available phosphorus: Soil total P was determined using the molybdenum blue
colorimetric method [21]. After extraction by 0.5 mol/L NaHCOj3, soil available P was
measured using the same method as total P [22].

(2) Soil Electrical conductivity and pH: Soil pH and EC were analyzed in a 1:5 soil-
water extract using probes provided by Mettler-Toledo Ltd.

(3) Soil salt ion composition: Soluble Na* and K* were estimated with a flame pho-
tometry. Concentrations of Ca?*, Mg2+, S04%~, Cl~, HCO;~, and CO3?~ were analyzed
by titration.

(4) Alkaline phosphatase activity: Alkaline phosphatase was determined by P-Nitrobenzene
phosphate method.

(5) Soil Hedley phosphorus classification

The forms of phosphorus in soil determined the phosphorus supply capacity of soil
to the crops. Phosphorus classification proposed by Hedley was applied in our research,
as this method took into account both soil inorganic phosphorus and organic phosphorus,
which is more reasonable and widely recognized abroad.

Soil phosphorus classification: using Hedley phosphorus classification method modi-
fied by Tissen and Moir (1993), soil was extracted by deionized water, 0.5 mol/L NaHCOs3
(pH 8.5), 0.1 mol/L NaOH, and 1 mol/L HCl in turn. The contents of inorganic phosphorus
(P;) in the above extracts (H,O-P;, NaHCOj3-P;, NaOH-P;, and HCI-P;) were determined
by molybdenum antimony anti-colorimetric method, and then the NaHCO3 and NaOH
extracts were digested with sulfuric acid-ammonium persulfate. After the determination of
total phosphorus (P;) content, the organophosphorus (P,) content (the difference between
Pt and P,) (HpO-P,, NaHCO3-P,,, and NaOH-P,) was calculated. Finally, the residual phos-
phorus content (R-P) was determined by H,SO4-HCIO;, digestion-molybdenum-antimony
anti-colorimetric method.

2.3. Data Processing and Analysis

The experimental data were statistically analyzed using Microsoft Excel 2010. The
data were analyzed using a single-factor analysis of variance (ANOVA) and the correlation
analysis was processed using SPSS Version 16.0. Diagrams were created using Excel 2010,
the Origin8.0 software, R software and tools on hiplot website.

3. Result and Discussion
3.1. Available Phosphorus (AP) in Coastal Saline Soil with Different Salt Content

We chose three salt gradients of soils, and they were named the soils NSS (non-
salinized soil), SSS (slightly salinized soil), MSS (moderately salinized soil), with the salt
content of 0.51 g kg~ !, 1.55 g kg~ !, and 2.53 g kg~ !, respectively. It was obvious that
there were significant differences in salt content among different soils, and there were also
significant differences in available phosphorus in corresponding soils. Results showed that
the available phosphorus of non-salinized soil was significantly higher than that of salinized
soil, and the phosphorus availability of MSS was the lowest among the three (Figure 1).
Assumption could be made that the available phosphorus decreased significantly as soil
salinity increased, and we could infer that soil phosphorus availability maybe inhibited
by soil salinization. Meanwhile, a negative correlation between salt content and available
phosphorus was found. The result was similar to some relevant research. Relevant research
showed that soil salinization indicators observed had a positive correlation with soil
nutrients [23]. Salinization generally decreased fluxes of soluble reactive phosphorus from
both sediments and soils [24].
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Figure 1. Soil available phosphorus under different soil salinity environment.

3.2. Characteristics of Various Forms of Phosphorus in Hedley Phosphorus Classification in Coastal
Saline Soil with Different Salt Content

The occurrence form of phosphorus in soil determines the supply capacity of soil to
crop phosphorus. It can be seen from Table 2 that, phosphorus in the phosphorus pool of
coastal saline soil mainly existed in the form of HCI-P;, accounting for about 65~78% of
the extractable phosphorus content. Compared with non-saline soil, the proportion of soil
H,O-P; and NaHCOs3-P; reduced as the salt content increased, which represented active in-
organic phosphorus decreased. Additionally, the proportion of NaHCO3-P,, NaOH-P,, and
NaOH-P; was the lowest on moderately saline soil. In Hedley’s phosphorus classification
method, HyO-P; and NaHCO3-P; are the main forms of phosphorus absorbed and utilized
by plants and are the main components of soil active phosphorus pool. NaOH-P; can be
used as a potential phosphorus source to slowly mineralize and supplement available phos-
phorus in soil owing to its low availability to plants, and it belonged to moderately active
inorganic phosphorus [25]. NaHCO3-P, is mainly kind of soluble organic phosphorus,
which can supplement available phosphorus to soil solution. However, NaOH-P,, is mainly
the organic phosphorus combined with humic acid in soil [26]. HCI-P; is difficult to be
transformed into available phosphorus and used by plants, so it is considered as stable
phosphorus [27].

Table 2. The proportion of various forms of phosphorus in Hedley under different soil salin-
ity environment.

Soil Type H,O-P; NaHCO3-P; NaOH-P; HCI-P; NaHCO3-P, NaOH-P, R-P
NSS 1.34 8.79 0.48 3.70 2.02 64.78 18.89
SSS 0.61 4.60 0.82 2.74 1.31 69.09 20.81
MSS 0.32 1.87 0.85 1.66 1.09 77.90 16.31

In conclusion, with the increase of soil salinity, the proportion of soil active inor-
ganic phosphorus decreased and the proportion of stable inorganic phosphorus increased
(Figure 2), which was consistent with the regulation of available phosphorus affected by
soil salinity described in 3.1.
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Figure 2. Proportion of various phosphorus forms in Hedley classification.

3.3. Possible Influencing Factors of Soil Available Phosphorus in Different Salinization Degrees
3.3.1. Relationship between Available Phosphorus and Different Phosphorus Forms in
Hedley Phosphorus Classification

Correlations between soil available phosphorus content and various forms of phospho-
rus were analyzed (Table 3). The results showed that the content of available phosphorus
was positively correlated with HyO-P;, NaHCOj3-P;, NaOH-P;, and NaOH-P,, (p < 0.01), and
the order of the correlation was NaHCQOj3-P; > NaOH-P; > H,O-P; > NaOH-P,. Correlation
analysis was performed between available phosphorus and similar P forms (Figure 3).
Results showed that the correlation between available phosphorus and active inorganic
phosphorus and moderately active inorganic phosphorus reached was 0.951 (p < 0.001) and
0.949 (p < 0.001). This illustrated that active inorganic phosphorus (H,O-P; and NaHCOs-P;)
and moderately active inorganic phosphorus (NaOH-P;) were effective and direct phos-
phorus sources in saline soil. There were significant correlations between the content
of available phosphorus and NaHCO3-P,, NaOH-P,, and the correlation coefficient be-
tween available phosphorus and organophosphorus (NaHCO3-Po and NaOH-P,,) reached
0.841 (p < 0.001). And NaOH-P,, in organophosphorus could be transformed to available
phosphorus to some extent. However, the correlation coefficients between the content of
available phosphorus and HCI-Pi reached 0.534 (p < 0.001), and the correlation coefficients
between the content of available phosphorus and R-P was 0.442 (p < 0.05), which meant
that the contribution of the two forms to the available phosphorus was small.
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Table 3. Correlation between available phosphorus and various forms of phosphorus in Hed-
ley classification.

Hzo-Pi NaHCO3-Pi NaHCO3-P0 NaOH-Pi NaOH-Po HCL-Pi R-P
Pears‘;r,‘igf:lflahon 0.805 0.954 0.560 0.949 0.878 0.534 0.442
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.002
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Figure 3. Correlation diagram between available phosphorus and various forms of phosphorus in
Hedley classification.

We classified the components with large contribution together and found that ac-
tive inorganic phosphorus and moderately active inorganic phosphorus had the greatest
contribution to available phosphorus in phosphorus classification. While organophos-
phrus had a certain impact on available phosphorus, which may be related to the fact that
organophosphrus could provide available phosphorus through the transformation process.

3.3.2. Soil Salinity

We analyzed the soil ion composition, and result showed that the slightly salinized
and moderately salinized soils were mainly dominated by chloride ions and sodium ions
(Figure 4). The contents of sodium and chloride ions in non-salinized soil, mild salinized
soil and medium and severe salinized soil showed significant differences. The contents of
chloride and sodium ions in moderate salinized soil were the highest, followed by those
in slight salinized soil, and the contents of sodium and chloride ions in non-salinized soil
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were lowest among the three soils. A large amount of chloride ion has ion antagonism with
dihydrogen phosphate ion in soil solution and inhibits the absorption of phosphate ions by
crops [28]
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Figure 4. Salt content and soluble ion under different salinity environment. ((a): salt content;
(b): soluble ion).

Correlation between soil salt content and available phosphorus was analyzed using soil
survey data of different salt gradients (Figure 5). Result showed that there was significant
negative correlation (R = 0.714, p < 0.001) between soil salt content and available phosphorus.
Available phosphorus showed a downward trend with the increase of soil salt, so it could be
inferred that salt was a very important environmental factor affecting available phosphorus.
The mechanism of reducing the bioavailability of phosphorus under saline alkali barrier
maybe mainly due to two reasons [29]: Crop ion toxicity and nutrient deficiency caused
by salt. Under the influence of soil parent material and soil forming process, the salt ion
composition of coastal saline soil is mainly sodium chloride. On the one hand, sodium ion
in saline soil can directly poison plants. On the other hand, under salt stress, salt ions in soil
can compete and inhibit mineral nutrition, resulting in imbalance of nutrient ion absorption
by plants. Salinization unexpectedly led to a dose dependent decreased availability of
phosphorus in the sediment, both in the short and in the long term [30].
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Figure 5. Scatter diagram between soil salt content and available phosphorus.
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3.3.3. Soil pH Value

In saline soil, the available phosphorus decreased as the soil pH increased. In our
study, the correlation between pH and soil available phosphorus was analyzed (Figure 6),
and the result showed that there was significant negative correlation between them (R = 0.3,
p < 0.001). Generally speaking, availability of soil phosphorus was closely related to soil
pH value. As it was saline soil, soil pH was always above 8. Due to the influence of high
pH value of saline soil, more than 75% of phosphorus fertilizer was combined with calcium
in the soil to form a series of phosphates with low solubility, resulting in the reduction of
phosphorus availability and phosphorus fertilizer utilization [31]. Soil pH is an important
factor that affects the occurrence and transformation of phosphorus forms in soil and affects
many processes such as chemical fixation and precipitation dissolution of phosphorus in
soil [32].

o= 179.6 +-184-x, R*>=@.09, p = 6.918033¢-05

50

40
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£ 30
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Figure 6. Scatter diagram between soil pH and soil available phosphorus.

3.3.4. Soil Alkaline Phosphatase Activity

Soil phosphatase is a kind of enzyme that catalyzes the mineralization of soil organic
phosphorus. Its activity directly affects the form and bioavailability of organic phosphorus
in soil. It is an index to evaluate the direction and intensity of soil phosphorus biotransfor-
mation [33]. Due to the relatively high pH of saline soil, alkaline phosphatase is dominant
in soil phosphatase [34]. We analyzed the alkaline phosphatase activity of three gradient
saline soils, and results showed that the alkaline phosphatase activity of non-salinized
soil was the highest, that of slightly salinized soil was lower, and that of moderately salin-
ized soil was the lowest (Figure 7). The correlation between soil available phosphorus
and alkaline phosphatase activity was analyzed (Figure 8), and soil available phosphorus
was found to be significantly positive correlated with the alkaline phosphatase activity
(R =0.842, p < 0.001). In conclusion, the activity of alkaline phosphatase could be inferred
as one of the impact factors of available phosphorus. Soil enzymes may persist for a long
time, as they are protected by clay minerals and/or humic colloids, which provide them
with a great resistance against thermal denaturation, dehydration, and proteolysis [35].
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Figure 7. Soil alkaline phosphatase activity under different soil salinity environment.

60
y=25140-x, R*=0.75, p = 1211009¢-14

~ 40
2n
~
=11
£
a
<

20

11 L,
2.500 5,000 7,500 10,000 12,500

ALP(nmol/d/g)

Figure 8. Scatter diagram between soil alkaline phosphatase activity and available phosphorus.

3.4. Relationships between Possible Impact Factors of Soil Available Phosphorus

As from the results above, while soil available phosphorus decreased with the increase
of soil salinity, other factors which may affect the content of soil available phosphorus also
showed the same or opposite trend. The results in Section 3.3 showed that available phos-
phorus had a very significant negative correlation with soil salt content and soil pH value,
and a significant correlation with alkaline phosphatase activity. Active inorganic phos-
phorus and moderately active inorganic phosphorus in Hedley phosphorus classification
contributed most part of available phosphorus.
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We gathered all the possible factors together and found that the correlation coefficient
between soil salinity and soil available phosphorus was the best among all the environmen-
tal factors, followed by soil alkaline phosphatase activity, and the lowest was soil pH value
(Figure 9). It was reflected from the side that soil salt and alkaline phosphatase activity are
the main influencing factors of soil available phosphorus in this study, while the effects
of soil pH on soil available phosphorus were less than that of soil salinity. Moreover, the
influencing factors are also closely related. In the correlation diagram, soil salinity was
negatively correlated with alkaline phosphatase activity, and the correlation coefficient
reached —0.922 (p < 0.01), which showed that alkaline phosphatase activity was affected by
soil salinity. Additionally, there was a significant correlation between soil salinity and soil
pH, which showed that pH was also affected by soil salinity.
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Figure 9. Correlation diagram among possible influence factors. Note: * p < 0.05, ** p < 0.01,
*** p <0.001, level of significance (two-tailed) by least significant difference (LSD).

Among all the phosphorus classification, active inorganic phosphorus contributed most
part of available phosphorus, followed by moderate active phosphorus and organophos-
phorus. While active inorganic phosphorus, moderate active phosphorus, and organophos-
phorus were all correlated with soil salinity, soil alkaline phosphatase activity, and pH
value. And result showed that soil alkaline phosphatase activity was a little more important
than soil salinity in the process of affecting active inorganic phosphorus, moderate active
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phosphorus and organophosphorus. The results showed that the increase of soil alkaline
phosphatase activity could increase the proportion of active inorganic phosphorus and
medium active inorganic phosphorus in soil phosphorus pool, promote the transforma-
tion of stable phosphorus inorganic phosphorus to other forms of phosphorus, and then
improve the availability of phosphorus in saline soil.

We can conclude that soil salinity changed the soil salinity environment, affected soil
alkaline phosphatase activity, and indirectly influenced the soil available phosphorus by
changing the inorganic phosphorus pool.

The cluster analysis method was used to analyze all relevant indicators, to study and
verify the most important environmental indicators among these environmental indicators,
as well as the relationship between indicators. The heat map showed that different factors
were distinguished obviously by salt differences. RP and pH were clustered together and
presented higher content in SSS, while SIP, salinity, and pH were clustered together and
presented higher content in MSS. AP, relatively active phosphorus fraction (e.g., AIP, MAP,
and OP) and ALP were clustered together (Figure 10), and showed the lowest value in MSS,
slightly higher in SSS, but the highest in NSS. The result that relatively active phosphorus
fraction (e.g., AIP, MAP, and OP) and ALP were clustered together echoed the conclusion
that ALP was more closely related to phosphorus components in the previous paragraph,
which verified the direct effect of ALP on the components of available phosphorus.

L T 5 - = e ’?lflf%ﬂ
X T T T Y YT [ | NN Group 3 Group
[ NSS
— ’ o B 2N gss
| Mmss
— AP
0

AlP — ]

E

B2
AP l
—3

I I MAP
I RP
. "
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Figure 10. Heat map of relative impact factors in different degree of saline soil. Note: The clustering
heatmap represented values of impact factors in different degree of saline soil, and data of different
indicators are normalized due to the range of different measured values of indicators.
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In conclusion, soil salt content changed the soil salinity environment, affected soil
alkaline phosphatase activity, and indirectly influenced the soil available phosphorus by
changing the inorganic phosphorus pool. Soil salinity was the most important factor
in affecting relative indicators. AP, ALP, and relatively active phosphorus in Hedley
classification were clustered together, which explained ALP was the direct environmental
factor affecting available phosphorus. Additionally, ALP also affected the content of active
phosphorus, which provided a source of AP.

4. Discussion

Our study showed that soil salinity affected the soil environment led to the lack of soil
nutrient conditions and affected the alkaline phosphatase activity and the content of Hedley
labile phosphorus, thus comprehensively affected the content of soil available phosphorus.

Inorganic phosphorus in Hedley classification was positively correlated with available
phosphorus, which determined the change of available phosphorus. Active inorganic
phosphorus, moderately active inorganic phosphorus, and part of organophosphorus were
effective phosphorus sources in saline soil. The content of stable phosphorus in saline soil
was high, and active inorganic phosphorus, moderately active inorganic phosphorus and
NaOH-P,, were relatively low. The research of Xu et al. [36] chose similar coastal area of the
Yellow River Delta and found that the occluded forms (Dil.-HCI-P) of P constitute the major
total P whereas the labile and moderately labile forms are relatively minor, suggesting that
availability of P to plants in these soils was low.

In our study, sodium ion and chloride ion were the main salt ions in SSS and MSS,
and available phosphorus in MSS was significantly lower than that in SSS, and available
phosphorus in NSS was the highest. It was reflected from the side that the phosphorus
supply of salt inhibited soil was limited. Previous studies showed that salinity stress
was the main factor affecting crop growth and rhizosphere nutrient availability in saline
soil [37,38], which was similar to our research results. Review paper of Li Y and Li
G [39] put forward that there had been intense efforts to counter the salinity and improve
the phosphorus availability of saline soils, which reflected the negative effect of salt on
phosphorus availability.

Additionally, pH was one of important factors that affected the available phosphorus
in our research. The research of Ye et al. [40] showed that salinity, pH value, and other
relevant factors were important influencing factors of available phosphorus. The species
and concentration of ions in soil solution were affected by soil pH, which made the form of
soil phosphorus different [41].

Soil alkaline phosphatase activity was one of the most important factors in affecting soil
available phosphorus, with a positive correlation between them. Soil alkaline phosphatase
activities decreased significantly with the increase in salinity, while available phosphorus
concentration increased significantly [42]. This result supported the conclusion that alkaline
phosphatase was affected by soil salinity. While the reason why the results were inconsistent
with our research may be attributed to different areas and soil forming processes, as the
land we focused on was formed with high sediment content and lack of nutrients, which
resulted in low background content of phosphorus in soil. Alkaline phosphatase activity
was found to be closely connected with available phosphorus and ECe [43], which was
similar to our results.

Previous studies showed that the activity of soil phosphatase was affected by soil pH
value [44], and result showed that alkaline phosphatase activity was negatively correlated
with soil pH value. We also found from the result that there was negative correlation
between pH and alkaline phosphatase activity, which was consistent with the result of
previous study. However, the effect of salt on alkaline phosphatase activity was significantly
higher than that of pH in the coastal area with more obvious characteristics of salinity.
Impact factors were distinguished obviously by soil salinity in our study, and salinity was
the dominant factor, affecting the relevant environmental factors. Soil salinity affected
environmental indicators. ALP and relatively active phosphorus in Hedley classification
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were more closely related to AP. Additionally, AP, ALP and the fact that relatively active
phosphorus in Hedley classification were clustered together, which explained ALP was the
direct environmental factor affecting available phosphorus, affected the content of active
phosphorus, which provided a source of AP.

5. Conclusions

In conclusion, soil available phosphorus decreased, and the availability of phosphorus
was inhibited in coastal areas, Jiangsu Province, China. With the increase of soil salinity,
the proportion of soil active inorganic phosphorus decreased and the proportion of stable
inorganic phosphorus increased, which explained the regulation of available phosphorus.

Soil available phosphorus was affected by several factors, such as soil salinity, soil pH,
and soil alkaline phosphatase activity. All the factors were correlated with the soil available
phosphorus. However, salinity was the soil salt and alkaline phosphatase activity were the
main influencing factors of soil available phosphorus in this study. As there was a very sig-
nificant positive correlation between alkaline phosphatase activity and soil salt, salt content
could be considered as the environmental factor and the soil alkaline phosphatase could be
considered as the direct influencing factor. The increase of soil alkaline phosphatase activity
could increase the proportion of active inorganic phosphorus and medium active inorganic
phosphorus in soil phosphorus pool, promote the transformation of stable phosphorus
inorganic phosphorus to other forms of phosphorus, and then improve the availability
of phosphorus in saline soil. Soil salinity was the most influential factor of AP in coastal
salt-affected soil in Jiangsu Province, China. Due to the influence of salt restriction factors,
relevant environmental factors have changed significantly, containing soil pH, alkaline
phosphatase activity, etc. Among all the factors, soil alkaline phosphatase had the closest
relationship with available phosphorus. In terms of internal mechanism, the change of
soil available phosphorus was mainly controlled by the change of active phosphorus pool,
which was also affected by salinity and surrounding environmental factors. Soil salinity
affected influenced the surrounding environment, changed the soil alkaline phosphatase
activity and liable phosphorus pool, and finally reduced soil AP.

Nevertheless, as affected by the soil forming process and parent material, coastal
saline soil has a series of characteristics. The whole coastal soil profile contains a large
amount of soluble salt, and the composition of soil salt ions is mainly sodium chloride,
which is similar to that of seawater. There may be differences in the influencing factors
of available phosphorus in salt-affected soil with alkaline characteristics, as coastal soils
are mainly characterized by salinity, while saline soils in some inland areas are mainly
characterized by alkalinity. High pH of the alkaline soil reduced the solubility of inorganic P,
and adversely influenced processes involved in the transformation and release of available
P by affecting its microbial community structure, biomass, carbon content, phosphatase,
and other enzyme activities [45,46]. Therefore, relevant studies in other non-coastal saline
areas need to be reconsidered because of different salinization process.
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