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Table 1- Qualitative properties of treated wastewater
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Standards Refined Waste Par;;l)ei[ers
FAO  EPA WHO **[RNDOE Water Unit
6585 6-85 6-85 8.6-8.7 8.6-8.7 PH
0.7 0.7 - 6-8 6-8 (dS m™) EC
3 3 - 12-15 12-15 SAR
- - 100 50-70 50-70 mg I'! BODs
- - 200 200-260 200-260 mg I'! COD
5 - - 12.8-15 12.8-15 mg ! (Phosphorus) i i3
- 5 - 10-30 10-30 mg I (Nitrogen) 175 0553
225 225 mg I (Nitrite) e i
- 1000 1000 85-400 85-400 MPN 100ml"  (Total Coliform) s a5 s
Di t VX PN
1000 1000 400 10 10 MPN 100mp" (Digested 255 e 305
Coliform)

oyl AR é)L,.,T o aeS ol Sloolaiwl oylos g b lailiwl 3 (9,0 5l 48,5 1 %
Extracted by review of standards and experience using of waste water, International committee of irrigation and drainage of Iran

Iranian Department of Environment
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Table 2- Statistical parameters for electrical conductivity (EC), sodium adsorption ratio (SAR), acidity (pH) and
exchangeable sodium percentage (ESP)

e
Criteria P
Soens So> S e Y\ K OV B | PE Ot < DUNC L J KOS Jsla> Variable
Kurtosis  Skewness COfﬁ?l§nt of Standard Error ~ Average Maximum  Minimum
variation

6.81 2.69 1.69 8.63 7.50 41 0.18 EC1

1.28 0.91 0.01 0.69 1.85 3.74 0.17 EC2

8.61 3.05 20.57 31.09 24.53 147.3 0.70 SARI1

1.24 0.86 0.01 0.71 3.00 5.01 1.36 SAR2

3.38 1.87 4.62 14.73 21.24 68.35 0.0 ESP1

1.48 0.85 0.002 0.31 3.67 4.48 3.0 ESP2

-0.66 -0.07 0.001 0.25 8.47 8.90 7.9 pH

* 1 and 2 is related to befor and after normalization, respectively
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Table 3- Characteristics of theoretical and cross variograms

R Joe =13 . sl
Co(Co+C) (m) CotC co Model Method é}gﬁiﬁ? Parameter

0.99 1032 0.68 0.001 Sagittal _cp Kriging -
0.99 523 0.66 0.001 Sagittal _og CoKrg-1 Na 0
0.74 1200 0.62 0.16 Sagittal g CoKrg-2 SAR =
0.72 1300 0.29 0.08 Spherical ¢, CoKrg-3 ESP
0.75 565 0.64 0.001 Spherical 4,5 Kriging -
0.99 563 0.64 0.001 Spherical 4,5 CoKrg-1 Na [
099 508 065 0.0l Sagittal o CoKrg-2 EC &
0.75 700 0.28 0.07 Spherical 4,5 CoKrg-3 ESP
0.99 236 0.15 0.0001 Gaussian :wss Kriging -
0.99 456 0.27 0.000 Sagittal _cg CoKrg-1 EC e
0.72 1300 0.32 0.088 Spherical 4,5 CoKrg-2 SAR M
0.74 600 0.35 0.089 Sagittal _og CoKrg-3 Na
0.74 2862  0.0013 0.0003 Sagittal _og Kriging - T
0.99 3110  0.2922  0.0001 Spherical 4,5 CoKrg-1 Elevation &
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Table 4- Evaluating different geostatistical methods in estimating soil properties

Method 9,
BLeS) el
CoKrg-3 CoKrg2 CoKrg-l  Kriging WMA-5 WMA-4 WMA3 WMA Criteria  Parameter
ESP SAR Na
1.15 1.15 1.15 1.20 1.22 1.38 1.54 1.66 MBE
422 422 4.22 423 4.18 4.02 4.03 4.05 MAE O
7.81 7.81 7.82 7.83 7.57 7.49 7.49 7.62 RMSE =
3 3 4 5 2 1 6 7 Rank
- - Elevation
- - 0.001 -0.001 0.004 0.001 -0.002 -0.005 MBE
- - 0.187 0.179 0.177 0.176 0.177 0.177 MAE -
- - 0.225 0219 0215 0214 0214 0215 RMSE =
- - 5 5 4 3 2 1 Rank
ESP EC Na
4.62 4.62 4.58 448 423 4.80 5.37 5.81 MBE
14.15 14.15 14.13 14.29 13.91 13.48 13.39 13.58 MAE Y
27.46 27.45 27.45 27.79 27.14 27.14 27.49 28.18 RMSE 55
4 4 3 6 1 2 5 7 Rank
Na SAR EC
1.20 1.25 1.28 0.40 0.97 1.16 1.36 1.48 MBE
8.77 8.77 8.68 8.52 8.40 8.29 8.37 8.43 MAE A,
1234 12.34 12.24 1143 1205 1206 1221 1253 RMSE &
6 7 5 1 2 3 4 8 Rank
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Table 5- Classifying salty and sodic soil based on American classifying index (Soil Survey Manual, 1993)

) Y SROURUNRV
JURTIN S I; Sh) o .brw (‘;‘P “’J““\“S' dh\’ : Sog s Electerical
Sodium hazard xchangeabe sodium ocdium Salinity hazard Conductivity
percentage absorbtion ratio 1
@dSm™)
Non sodic <15 <8 Non saline 0-2
Slightly sodic 15-30 8-13 Slightly saline 2-4
Moderately sodic 30-50 13-30 Moderately saline 4-8
Strongly sodic 50-70 30-70 Strongly saline 8-16
Very Strongly sodic >70 >70 Very Strongly saline >16
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Analyzing the Geostatistical Methods in Spatial Monitoring of Saline and
Sodic Condition of Soils under Treated - Wastewater Irrigation
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ABSTRACT

Unmanaged use of natural resources such as soil would lead to deterioration of its quality and fertility.
Consequently, spatial monitoring of these properties is necessary to find the optimal management
options to protect soil fertility. Thus, in this study, the long-term effects of treated wastewater
irrigation on qualitative properties of surface soil layer were spatially monitored using geostatistical
methods and were compared with worldwide standards. Consequently, the soil qualitative properties
including sodium adsorption ratio (SAR), exchangeable sodium percentage (ESP), electrical
conductivity (EC) and acidity (pH) was analyzed in pixels with 150x105 meter dimension and the
possibility of extracting raster maps using weighting moving average (WAM), kriging and co-kriging
methods was investigated. Results showed that kriging and WMA had the least estimation error for
ESP and the other parameters, respectively, based on the evaluating indices. Also using covariates
does not have positive effect on increasing range of influence and interpolation accuracy. Comparing
the prepared raster maps by the selected method with the standard values of Soil Survey Manual of
USA showed that unmanaged use of unconventional water caused more than 97% of the study area to
have saline soils. Also, hazard of sodium in the soils dominated to salinity problem in more than 94%
of the study area. These could have irreparable damages under water crisis through degrading soil
structure. In conclusion, for sustainable agriculture and food security in the study area it is necessary
to offer management options for soil improvement such as leaching in uncultivated seasons or
combined irrigation with fresh water to protect economic and environmental issues
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