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Abstract; Spatial heterogeneity is considered a ubiquitous feature of natural ecosystems. A typical example of spatial
heterogeneity in ecosystems is the formation of salt islands, which form around small shrubs and are important local and
regional salt reserves that influence community structure and ecosystem function. These salt islands are formed where salts
accumulate under the shrub canopy. Soil salinity has been shown to vary significantly between areas covered by shrub
canopies and interspaces. To quantify the effect of halophyte plants on the salinity characteristics of salt islands in saline and
alkaline soil, the native Tamarix chinensis of the Yellow River Delta (YRD) was selected as a study species, and its soil

salt ion composition and content were analyzed. Differences in the cation and anion contents and ratios among distances and
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horizons were analyzed using an analysis of variance and multiple comparisons. A correlation analysis was also conducted, to
determine the relationships among different salt ions. The results show that salt islands are mainly distributed in the surface
soil. Both the cations and the anions were present in higher concentrations near T. chinensis individuals. Of the cations, Na’
was found in the highest levels of the profile, followed by Ca®* and Mg™ in the lower layers, and K" in the deepest part of
the profile. Anions in all soil depths both showed ClI”> SO > HCO;, but CO was not detected. The distance from the
center of the shrub to the sampling point had a significant effect on most salt ions and their ratios, with the exception of
Ca™, Mg™, SO7, Na'/Ca™, Ca” /Mg, and C1 /SO . The soil depth had a significant effect on almost all of ions and
ratios, with the exception of the Na'/K" ratio. The interaction between distance and depth only had a significant effect on
Cl” and HCO;. Na'/K", Ca™/K", Mg* /K", and Ca’/Mg” increased in the 0—20 cm layer, while the Na'/Ca® and
Na'/Mg™ ratios decreased along the gradient between the canopied area and the interspace. Therefore, the cations
enrichment due to the proximity of a T. chinensis individual was as follows; K'> Na'> Mg > Ca®. However, anions
enrichment was determined to occur as follows; HCO;> CI™> SO as Cl17/SO7 decreased and CI"/HCO; and SO; /HCO;
increased in the 20—40 cm soil layer, along the gradient from the shrub center to the interspace. The total soluble salt
content of the soil increased with depth. However, K, SO, and HCO; concentration decreased with soil depth, indicating
the presence of significant surface accumulation. The Na"/K", Na‘/Ca™, NaJ'/Mg2+ , Ca¥ /K", MgZJ'/K+ s CI_SOi_ , and
CI"/HCO;] ratios increased and Ca®/Mg”" decreased significantly with increased depth; however, SO} /HCO; didn’t
change significantly with depth. Consequently, the downward migration of cations and anions was ranked as follows: Na'>
Mg* > Ca”> K", and Cl"> SO} = HCO);, respectively. The relationships among different salt ions were significant, but no
significant correlation was found between SO} and Na® or between SO; and Ca’* concentration. In conclusion, the root
biomass and distribution, the climatic conditions (e.g., evaporation and precipitation) , the rate of salt ion migration, and
the sampling time may influence the detected distribution of cations and anions in the soil. The findings of this study may
serve as a reference for the elucidation of the salinization—alkalization processes at work in coastal saline soil, and in the

amelioration of the soil in the Yellow River Delta.
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Table 1 Analysis of variance for effects of distance and depth on soil salt ions and their ratios

A% Factors K* Na* Ca® Mg?* al S0y HCO; Na*/K*
5% Distance * ok ok * ok ok 0.260 0.119 * 0.845 * ok ok *
‘FﬁfEDepth * % % * % ok * % * % ok * % % * % % * % % * % ok
FEES « VR Distance * Depth 0.699 0.157 0.962 0.893 0.788 0.710 * ok 0.059
H# Factors Na*/Ca**  Na*/Mg* Ca**/K* Mg* /Kt Ca2*/Mg®*  ClI7/SO0Y  CI'/HCO; SO3 / HCO;
#E# Distance 0.073 #* * K # ok 0.301 0.231 ® ko ®

R Depth EREE % ok ok ® ok ok % ok ok ] R R 0.139
BE# « IR Distance * Depth 0.622 0.380 0.656 0.540 0.954 0.805 * 0.080

* P<0.05, * *P<0.01, * % * P<0.001

F2 ITEASBETREMESEEMRENREEXXER

Table 2 Partial correlation coefficient of soil salt ions and their ratios with distance and depth

& Factors K* Na* Ca?* Mg?* cl- 503" HCO; Na*/K+

HiE Distance -0.396(0.002) -0.419(0.001) 0.037(0.784) 0.013(0.925) —0.356(0.006) -0.085(0.524) -0.419(0.001)  0.314(0.016)

TRIE Depth -0.826(0.000)  0.877(0.000) 0.365(0.005) 0.788(0.000)  0.926(0.000) -0.568(0.000) -0.744(0.000)  0.908(0.000)

HZ Factors Na®/Ca** Na*/Mg** Ca®/K* Mg*/K*  Ca®"/Mg** Cl7/s0%  CI/7HCO;  SO3/ HCO;

BB Distance -0.277(0.035) -0.285(0.030) 0.380(0.003) 0.366(0.005)  0.075(0.574) =0.136(0.307) 0.126(0.347)  0.228(0.085)

TR Depth 0.663(0.000) -0.12(0.927)  0.782(0.000)  0.853(0.000) -0.939(0.000)  0.939(0.000) 0.881(0.000)  0.221(0.096)
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Fig.4 Changes in ratios among anions of different soil depth around the individual of T. chinensis
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Table 3 The correlation analysis among soil salt ions
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