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Fig. 1  Geographic location of the study area and distribution of sampling points
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Table 1 Statistic eigenvalues of soil salt ions in various layers of a soil profile

i H 0~30 cm
liems ki Lo BME® 1 tife 27 ERFEHC
TS (gkg™ )@ LN® 6.24 0. 68 1. 65 1.12 0.68
TDS(mg L.=1)® LN 1 420 61.20 274. 1 260. 00 0.95
Cl™ (mgL™") LN 341.6 0.71 29. 89 31.56 1.10
SO2" (mg L") LN 485.6 4.36 43.08 50. 10 1.16
K*(mgL™") LN 49. 46 0. 46 6.11 7.37 1.21
Na* (mgL™") LN 162. 1 0. 63 27.31 28.29 1.04
Mg®* (mg L") LN 29. 10 0.09 4.58 4.15 0.91
Ca** (mg L°1) LN 226. 1 2.48 34.97 31.30 0. 90
SAR® LN 44. 66 0.31 6. 84 6.87 1.00
Cl™/ 802" LN 6. 88 0.02 0.62 0.76 1.22
i H 30 ~60 ¢cm
Ttems I g ® P /ME® g PR ® L ES
TS (gkg™ )@ LN® 8.53 0.70 1.88 1.57 0. 84
TDS(mg L~")® LN 2077 62. 10 320.7 376.7 1.16
Cl- (mgL7") LN 1021 0.14 69. 56 71.15 1.02
SO2" (mg L™") LN 176.9 3.61 42.33 41.45 0.98
K*(mgL™") LN 33.59 0.61 4.70 5.37 1.14
Na*(mg L") LN 368.2 1.13 47.01 49.06 1.04
Mg?* (mg L") LN 15.13 0.39 3.29 2.80 0.85
Ca’* (mg L") N® 73. 10 3.31 22.13 14. 56 0. 66
SAR? LN 79.05 0.37 14.28 17.45 1.22
Cl=/ 803" LN 11.07 0.02 0.96 1.07 1.11
i H 60 ~90 cm
ftems oh i R BME® HE® PR ® EREHC
TS (gkg™')@ LN® 13.83 0.71 1.97 1.99 1.01
TDS(mg L") ® LN 3378 64. 60 381.5 502.6 1.32
Cl™ (mgL™") LN 1484 0.37 95.53 102.7 1.08
SO?" (mg L") LN 302.2 4.75 49.58 51.65 1.04
K*(mgL™") LN 31.30 0.49 4.58 4.91 1.07
Na*(mgL™") LN 601.6 1.30 57.76 58. 87 1.02
Mg?* (mg L") LN 46. 66 0.34 3.97 4.02 1.01
Ca®* (mg L™") LN 121.0 2.93 24.95 24.16 0.97
SAR? LN 65.71 0.43 15.76 16. 17 1.03
Cl=/802° LN 10. 08 0.03 1.30 1.54 1.18
i H 0 ~100 c¢m
Items i BoAm® BE® @ i ® A5 S R H©
TS (gkg™H @ LN©® 8.70 0.74 1.90 1.54 0. 81
TDS(mg L") ® LN 1691 66. 00 325.4 31.74 1.03
Cl™ (mgL™") LN 657.5 0. 80 64. 99 72.45 1.11
SO?" (mg L") LN 288.6 4.95 45.00 47.92 1.06
K*(mgL™") LN 32.31 0.93 5.13 5.68 111
Na*(mgL™") LN 295.5 1.13 44.05 50. 16 1.14
Mg®* (mg L°") LN 17.27 0.59 3.95 3.25 0.82
Ca’* (mg L") N® 123.4 3.56 27.35 19.02 0. 69
SAR? LN 59. 66 0.37 12.29 13.73 1.12
Cl=/ 802" LN 8. 40 0. 04 0.96 1.03 1.07

(DDistribution, @Maximum , @Minimum, @Mean, G)Standard deviation, ® Coefficient of variation, D)4k Total salt content, &) 3 1 i [& {4
Total dissolved solid, @4%H W[t L, Sodium absorption ratio, (0%} %¥ 1FE 2 Logarithm normal, @ iF 7 Normal
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Table 2 Partial correlation matrix of salt ions

cl- S02- K* Mg * Ca’* SAR Cl~/ S03-
cl- 1. 000
S0~ 0.402 " 1. 000
K* 0. 130 -0.041 1. 000
Na* 0.512"" 0. 020 -0.099
Mg** -0.117 -0.380"" 0. 109 -0.251 1. 000
Ca’* -0.327"" -0.538"" 0.074 -0.439"" 0. 604" 1. 000
SAR 0.249 " -0.058 -0.119 -0.493 " -0.694 "~ 1. 000
Cl-/ 802° 0.672%* -0.439"" 0. 130 -0.054 -0.124 0. 055 1. 000

TE e o# % TIRTE p<0.01 K LB EAE; =« LIRTE p <0.05 /K I FE A& Note: * % Significant correlation at the 0. 01 level. = Signifi-

cant correlation at the 0. 05 level
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Table 3 Parameters of the semi-variogram model for soil salts in each soil layer

E| 0~30 cm
Ttems g © Begrfy® G Pk 1p @ AR (km)  RERKC 52
TS (gkg ') ® $8 %1 Exponential 0.03 0.26 0.11 9.33 0. 83 0. 002
TDS(mg L~1)@ BRI Spherical 0.10 0. 47 0.21 7.18 0.79 0. 002
Cl" (mg L") ERHR Spherical 0.43 2.28 0.19 7.18 0.67 0.070
S02" (mg L") BRIR Spherical 0.12 0. 89 0.13 7.18 0.61 0. 006
K*(mgL™") 5 H7 Gaussian 0.12 0. 60 0.20 6.24 0.74 0. 002
Na*(mg L") 16 %0 Exponential 0.21 1.43 0.15 6. 89 0. 66 0. 032
Mg®* (mg L™") ERAR Spherical 0.09 0.61 0.15 8.24 0.72 0. 006
Ca’* (mg L") $8 % Exponential 0.13 0.53 0.24 6.92 0.71 0.003
SAR® ¥8 %1 Exponential 0.08 1.17 0.07 6.19 0. 65 0. 037
Cl=/802° $5 %0 Exponential 0.14 1.19 0.12 10. 83 0. 54 0.012

i H 30 ~60 cm
Ttems Mg P fig® AWM P RV (km)  RERHC 527
TS (g kg™ ) ® $8 % Exponential 0.15 0.36 0.42 31.29 0. 68 0. 003
TDS(mg L~1)@ $8 %1 Exponential 0.08 0.55 0.14 6. 84 0.62 0.008
Cl" (mgL™") $8 % Exponential 0.29 2.88 0.10 8.16 0.51 0.034
802" (mg L") $8 % Exponential 0.08 0.87 0.09 9.48 0.73 0.015
K*(mgL™") $4#¢ Exponential 0.12 0.79 0.15 17.91 0.91 0. 004
Na*(mg L") #4550 Exponential 0.12 1.43 0.08 8.46 0.53 0.008
Mg? " (mg L™") BOR Spherical 0.09 0. 60 0.15 9.51 0.46 0.013
Ca’* (mg L") $8 % Exponential 0.24 1.02 0.23 7.31 0.55 0.028
SAR® $8 %1 Exponential 0.14 1.34 0.10 6.27 0.61 0.015
Cl=/ 802" $4 %0 Exponential 0.11 1.58 0.07 7.86 0. 65 0. 042

HiH 60 ~90 cm
Ttems M Begrfa® HEMHY Bk 1p® AR (km)  deE R 2@
TS (gkg ') ® $4#{ Exponential 0.08 0.36 0.22 6.90 0.52 0. 005
TDS(mg L)@ $4#{ Exponential 0. 06 0. 64 0. 09 7.92 0. 48 0.014
Cl- (mg L") $8 %1 Exponential 0.21 3.10 0.07 9.75 0.37 0.159
S02" (mg L") $5 %0 Exponential 0. 09 0.92 0.10 11.25 0. 42 0. 029
K*(mgL™") $8 %4 Exponential 0.21 0. 86 0.23 16. 41 0.73 0.013
Na*(mgL™") $4#{ Exponential 0.16 1.38 0.12 8.52 0. 63 0.014
Mg?* (mg L") B4R Spherical 0.15 0.93 0.16 8.73 0.54 0.030
Ca’* (mg L") $8 % Exponential 0.05 0.65 0.08 6. 54 0. 44 0. 148
SAR® ER:HR Spherical 0.17 1.28 0.13 9.01 0. 46 0.023
Cl=/802° $5 %0 Exponential 0.13 1.69 0.08 9.54 0.52 0. 042

S gE| 0 ~100 c¢m
ltems g e HAMHEY S i AR (km) Y RHO 2@
TS(gkg ') ® $8 % Exponential 0.02 0.30 0.07 13.50 0.39 0. 003
TDS(mg L") @ 8% Exponential 0. 04 0.50 0.08 6.21 0.62 0. 006
Cl~ (mgL™") $5 % Exponential 0. 20 1.92 0.10 10.32 0.59 0. 068
S02" (mg L") $8 % Exponential 0.08 0.74 0.11 10. 14 0. 49 0.015
K*(mgL™") $6 %4 Exponential 0.12 0.62 0.19 16. 41 0. 80 0. 005
Na*(mgL™") $4#{ Exponential 0.23 1.20 0.19 8.31 0.55 0. 004
Mg®* (mg L") $8 % Exponential 0. 04 0.47 0.08 6.43 0.41 0. 004
CaZ* (mg L - $5 %% Exponential 0.07 0. 39 0.18 6.15 0.37 0. 025
SAR® $8 %1 Exponential 0.22 1.16 0.18 6.63 0.51 0.008
Cl=/s02° $5%¢ Exponential 0.12 1.31 0.09 11.55 0. 48 0. 024

(DTheoretical model, @ Nugget, 3Sill, @Nugget and sill ratio, G)Range, © Coefficient of determination, (@) Residual, @ Total salt content, (9 To-

tal dissolved solid, (0Sodium absorption ratio
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RULES OF VARIATION OF SALT IONS IN SOIL PROFILES
IN SOUTH COASTAL AREA OF LAIZHOU BAY

Liu Wenquan'  Yu Hongjun® Xu Xingyong'
(1 The First Institute of Oceanography, State Oceanic Administration, Qingdao, Shandong 266061, China)
(2 National Deep Sea Center, Qingdao, Shandong 266061, China)

Abstract The south coastal area of the Laizhou Bay is seriously subjected to soil salinization as a result of seawater
intrusion. Soil salinization has become a major factor that hinders the regional agricultural production and development. In
order to explore rules of the spatial distribution of salt ions and dominant salt ions in soil profiles in the research area, 14
sampling sections were arranged at 6km intervals in this study, containing 76 soil profiles. Soil samples were collected
from the 0 ~30cm, 30 ~60cm and 60 ~90cm soil layers, separately, of each profile. A portion (about 1/3) of each sam-
ple was taken out from the same soil profile and blended into a mix for analysis. Classical statistical and geo-statistical
methods were used in combination to analyze statistical characteristics and spatial distribution of salt ions in the soil pro-
files in the area. Cluster analyses of the soil ions were also done. Results show that within the 0 ~ 1m soil layer, soil salts
displayed an obvious trend of accumulating in the bottom; The dominant soil salt ions in the research area were Na*  SO3"
and Cl ™, existing in the form of NaCl and Na,SO,. These findings may serve as reference for the future researches on mo-
nitoring and assessment of soil salinization in this area. The analyses of the three ions in the soil has fully explained the
problem of soil salinization in the south coastal area of the Laizhou Bay. Partial correlation analysis of the salt ions in the
soil shows that the ions varied sharply . Cluster analysis indicates that the salt ions in the soil consisted mainly of three
categories of salt ions; Category I: K™, Mg’ , Ca’" and SO’ ; Category II; Na*, and Category IlI; Cl1~. The total salt
content displayed a moderate spatial autocorrelation in the 30 ~ 60cm soil layer, and strong ones in the other two layers,
which suggests that the spatial variation of the soil salt properties was mainly affected by natural factors. Spatial distribu-
tion of the salt ions in the soil appeared in pattern of strips and patches. Ca’" concentration was relatively high in the mid-
dle, and slightly lower in the northern and southern parts of the region; Mg * was relatively high in the southern and west-
ern parts and relatively low in the northern part; K" was relatively high in the northern part and low in the central part;
while Na* .SO?~ and Cl~ was quite similar in spatial distribution, appearing to be high in the central part, relatively low
in the northern part and lower in the southern part. SAR was quite similar to Na" in spatial distribution pattern. The soil
salinization in this region was mainly of the types of sulfate, chloride-sulfate and sulfate-chloride, and was quite low in de-
gree in most parts of the region and moderate in some parts, leaving some small areas of severely salt-affected soil, saline
soil and non-salt-affected. The research findings may have guiding significance for agricultural production in the region, as
well as for scientific amelioration and comprehensive utilization of salt-affected soils in the study area.

Key words South coastal area of the Laizhou Bay; Soil profile; Salt ions; Spatial distribution
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