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Tablel. Evaluation results of geostatistical methods in estimating soil salinity (EC) in 5 months at a depth
of 0-30 cm cm in Gomishan region of Golestan province

RMSE MAE

o9 Je 1 2 3 4 5 1 2 3 4 5

IDW1 922 865 828 790 811 458 356 3.09 215 259
IDW IDW; 10.19 946 9.01 866 838 541 402 337 244 301
IDW;3 11.00 1019 9.67 925 946 556 430 358 244 354

GPl; 899 858 800 785 804 435 3.60 3.03 205 260
GPI GPI; 968 932 915 892 919 480 4.07 350 248 3.20
GPIs 1451 1430 1428 1437 1421 6.05 4.48 595 3.89 443
LPIy 959 918 896 850 872 480 4.01 301 241 275
LPI LPI> 9.83 976 965 958 977 491 4.08 358 280 3.98

LPI3 1119 1224 12.69 1314 13.12 558 427 499 3.88 4.25

CRS 979 915 871 838 854 490 399 346 237 298

IM 854 806 878 748 755 403 3.04 346 199 228

RBF M 10.65 1017 971 928 932 542 430 3.72 265 3.03
SWT 962 9.01 858 827 841 481 398 343 230 284

TPS 10.71 1016 984 944 10.03 556 421 3.72 274 4.20

Stable 496 726 727 804 822 239 278 255 225 2.68

OK Circular 568 694 733 805 786 284 280 269 231 232
Gaussian 572 726 728 804 786 296 279 258 233 233
Exponential 572 6.65 7.75 809 824 298 253 286 228 267
Spherical 572 688 745 805 786 3.01 282 283 240 234

S 50 Kl YeFe Goc 100l & 13 (ECIS (6,980 crodd 50 )bl ooy sD) (2L 5y @ -Y Jgus
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Table2. Evaluation results of geostatistical methods in estimating soil salinity (EC) in 5 months at a depth
of 30-60 cm c¢cm in Gomishan region of Golestan province

RMSE MAE

s, Joe 12 3 4 5 1 2 3 4 5

IDW1 925 886 876 823 828 791 692 6.63 7.15 6.57
IDW IDW2 10.18 971 971 895 903 834 773 715 737 7154
IDW3 11.06 1046 1046 957 968 895 834 726 763 7.72

GPI1 912 883 882 808 816 782 684 6.74 645 6.48
GPI GPI2 958 942 941 933 954 805 755 7.07 758 7.65
GPI3 1446 13.78 13.77 1423 1436 9.88 858 834 865 9.01

LPI1 957 935 935 876 8838 799 758 6.98 7.29 6.93

LPI LPI2 976 958 958 990 99 821 763 710 819 791
LPI3 1135 1179 1178 1295 1296 9.23 859 8.27 840 897
CRS 982 936 935 867 872 799 742 699 6.98 6.78
IM 865 828 872 770 771 768 654 558 6.66 4.89
RBF M 1095 994 993 953 972 904 799 7.16 759 7.86

SWT 965 921 921 854 859 807 754 698 6.71 6.70
TPS 1098 992 991 973 994 89 801 7.16 7.87 7.89

Stable 641 798 871 737 796 590 6.35 499 589 545

OK Circular 716 784 873 765 834 673 6.32 635 6.62 578
Gaussian 825 691 939 824 834 766 6.21 7.02 653 577
Exponential 690 8.06 873 651 834 592 649 6.36 577 5.79
Spherical 711 787 873 754 834 658 6.38 6.40 6.22 5091
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Figure 2. Map of soil salinity at the depth of 0-30 cm
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Figure 3. Map of soil salinity at the depth of 30-60 cm
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Table3. Evaluation results of geostatistical methods in estimating soil acidity (pH) in 5 months at a depth

of 0-30cm in the Gomishan region of Golestan province.
RMSE MAE

o*9) Joe 1 2 3 4 5 1 2 3 4 5
IDW1 0.112 0.238 0.251 0.142 0.116 0.064 0.169 0.187 0.120 0.093

IDW2 0.124 0.242 0.243 0.154 0.124 0.073 0.174 0.163 0.132 0.097
IDW3 0.135 0.262 0.252 0.167 0.136 0.081 0.175 0.199 0.142 0.129

GPI1 0.107 0.235 0.254 0.132 0.111 0.062 0.167 0.213 0.115 0.089
GPI GPI2 0.137 0.329 0.378 0.178 0.140 0.082 0.198 0.254 0.149 0.134
GPI13 0.151 0.337 0.334 0.147 0.182 0.090 0.200 0.250 0.126 0.194
LPI1 0.118 0.244 0.270 0.146 0.119 0.067 0.172 0.231 0.121 0.095
LPI LPI2 0.130 0.285 0.331 0.155 0.159 0.074 0.188 0.238 0.131 0.149
LPI3 0.151 0.301 0.328 0.150 0.260 0.091 0.194 0.226 0.127 0.211
CRS 0.119 0.241 0.248 0.148 0.122 0.069 0.174 0.176 0.126 0.096

IDW

IM 0.104 0.239 0.245 0.135 0.115 0.061 0.170 0.169 0.116 0.091

RBF M 0.142 0.271 0.279 0.164 0.151 0.084 0.185 0.233 0.138 0.145
SWT 0.117 0.239 0.248 0.146 0.120 0.065 0.171 0.176 0.122 0.118

TPS 0.148 0.322 0.333 0.177 0.218 0.085 0.197 0.241 0.151 0.209

Stable 0.0928 0.266 0.285 0.108 0.125 0.053 0.181 0.235 0.104 0.121

OK Circular 0.0924 0.267 0.278 0.120 0.125 0.051 0.184 0.232 0.111 0.121
Gaussian  0.0936 0.266 0.279 0.108 0.125 0.059 0.180 0.233 0.099 0.120
Exponential 0.0927 0.265 0.286 0.106 0.125 0.053 0.178 0.237 0.098 0.120
Spherical  0.0920 0.265 0.282 0.117 0.125 0.050 0.177 0.234 0.108 0.119

dilie ;0 S (g yio il Yoo Gos 10 (PH)SL 4t sl cposti 50 55kl crao o sbsy (b5l @ bi-F Jgux
QoS ! liras
Table4. Evaluation results of geostatistical methods in estimating soil acidity (pH) in 5 months at a depth
of 30-60 cm in the Gomishan region of Golestan province.

RMSE MAE
o9) Jue 1 2 3 4 5 1 2 3 4 5

IDW1 0.156 0.199 0.196 0.178 0.119 0.091 0.126 0.128 0.096 0.060
IDW2 0.154 0.206 0.203 0.189 0.120 0.084 0.139 0.141 0.126 0.062
IDW3 0.155 0.216 0.213 0.202 0.123 0.086 0.145 0.149 0.137 0.064

GPI1 0.161 0.190 0.193 0.173 0.115 0.096 0.125 0.123 0.093 0.059

GPI GPI12 0.205 0.246 0.271 0.226 0.141 0.128 0.158 0.163 0.140 0.077
GPI13 0.294 0.287 0.329 0.257 0.213 0.137 0.173 0.168 0.145 0.118

LPI1 0.163 0.202 0.211 0.184 0.120 0.096 0.133 0.148 0.119 0.063

LPI LPI2 0.198 0.253 0.277 0.217 0.155 0.114 0.171 0.165 0.139 0.085
LPI3 0301 0.288 0.313 0.250 0.238 0.165 0.173 0.167 0.141 0.121

CRS 0.152 0.205 0.202 0.185 0.121 0.081 0.139 0.141 0.121 0.065

IM 0.151 0.201 0.199 0.175 0.121 0.081 0.134 0.131 0.108 0.064

RBF M 0.157 0.225 0.228 0.202 0.134 0.094 0.147 0.159 0.138 0.072
SWT 0.154 0.203 0.200 0.183 0.120 0.085 0.135 0.139 0.112 0.065

TPS 0.161 0.257 0.269 0.223 0.172 0.094 0.170 0.162 0.140 0.093

Stable 0.130 0.355 0.164 0.149 0.127 0.074 0.188 0.119 0.069 0.066

OK Circular ~ 0.135 0.250 0.215 0.150 0.127 0.078 0.166 0.153 0.088 0.069
Gaussian  0.135 0.355 0.215 0.150 0.127 0.077 0.189 0.152 0.089 0.069
Exponentia 0.135 0.238 0.215 0.150 0.127 0.076 0.155 0.151 0.078 0.068
Spherical  0.135 0.236 0.215 0.150 0.127 0.076 0.154 0.150 0.086 0.067

IDW

)
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Figure 4. Map of soil acidity at the depth of 0-30 cm in Gomishan region of Golestan province
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Figure 5. Map of soil acidity at the depth of 30-60 cm in Gomishan region of Golestan province
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Temporal and Spatial Changes of Soil Salinity in a part of the 280-
Thousand Hectare Drainage Plan Lands of Golestan Province
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Abstract

Soil desalination in drained fields is very important because soil salinity harms on crop yield.
Therefore, for the optimal management of water and soil, and the sustainability of agricultural lands,
salinity monitoring in soil is essential. In this study, 44 soil samples from the depth of 0-30 and 30-
60 cm were prepared from drained lands, during one cropping year. Then, soil salinity and acidity
map were produced by GPI, LPL, IDW, Ok, RBF methods. Evaluation of salinity at 0-30 cm showed
that stable kriging in the first and third months, exponential kriging in the second month, RBF inverse
multi-quadrant model in the fourth and fifth months, were the best models. The results 30-60 cm
showed that stable kriging in the first and third month, Gaussian kriging in the second month,
Exponential kriging in the fourth month, and RBF inverse multi-quadrant model in the fifth month
were selected as the best model. Also, evaluation of pH at the depth of 0-30 cm showed that Spherical
kriging in the first month, GPI with the first power in the second and fifth months, IDW with the
second power in the third month and Exponential kriging in the fourth month had the lowest RMSE.
Evaluation of pH at 30- 60 cm showed that stable kriging method in the first, third, and fourth months
and GPI with the first power in the second and fifth months had the lowest RMSE. The problem of
salinity and alkalinity was observed in most of the surveyed region, and the level of salinity in the
surface layer of the soil was higher than in the deep layer. The comparison of the salinity map in
different months shows that the salinity has been decreasing during the 5 months of monitoring and
the general trend of pH changes is similar to EC.
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