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Figurel- Geographic position and distribution map of sampled points in satellite image of the studied area
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Table 1- Descriptive statistics of the measured soil variables in the bare (B) and agricultural (A) land uses

] 2ly S8 Bl Sl ke Old cops
Variable Unit Land use  Min Max Mean (CV, %)
Sand - o B »b 262 5012 2371 51.68

> ’ A gelis 4445 80.04  61.09 13.02

. Brb 3624 6591 5091 1547

. . : . . .
Silt e & A gjslis 1648 4567 3034 19.40
B xb 738 5147 2534 50.75
! . 2L . . .
Clay ) P A 0 1600 857 34.71
" B xb 0.19  3.60 1.50 60.56
. . . : : .
0C s & A gelis 009 5.07 2.08 52.69
: Brlb 2049 3527 2941 12.84
PR . : . . .
CaCo; & A iplas 1669 2368 20.11 8.32
H. i B nL 748 937 8.25 4.50
PHe s ; Agjples 681 814 7.68 3.52
B xb 026  9.67 2.23 104.77
. ” w‘ -1 . . . .
ECuas ol cdhe dSm A gelis 032 416 0.93 85.76
B ,l
L 105 »b 0.63 6399 1478 113.05
SARL2S g dy i (meq ) Giglss 053 7.83 1.15 89.71
B xb 0.03 1.41 0.51 74.82
MWD “SB o .. . /‘LA . B . .
S mm e 041 175 0.90 33.48

OC: Organic carbon; SAR: Sodium adsorption ratio; EC: Electrical conductivity; MWD: Mean weigh diameter of aggregates. CV:
Coefficient of variation. B: Bare; A: Agriculture
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Table 2- Pearson correlation (r) between soil variables in the studied area (n=100)

R o Sl ey oS Sl &y ] Cal (st o A8 39 ole
Variable Sand Silt Clay ocC CaCO;s pH, EC_ S 2N SAR g3 0w MWDWlasB
Sand .5 1 0.8' & o 8 e 0.43" -0.78" -0.66™ -0.40™ -0.60” 0.60"
Silt cdow 1 0.46" -0.40"™ 0.80" 0.57" 0.29" 0.41" -0.54"
Clay _, 1 -0.33" 0.54" 0.56" 0.40" 0.62" -0.48"

OC JI o8 1 -0.13™ -0.23" -0.417 -0.38" 0.58"
CaCO; Kal 1 0.68" 0.17™ 0.40” -0.38"
PH. <l 1 0.15™ 0.56" -0.31"
S el 1 0.61" 0.56"
ECI:Z.S
b (20 o 1 -0.57""
SAR;; s

Gl 0d 03,91 V Jodo p15 0 I puite w3Me Chogi oy O 9V Jlein] gaws )3 53 (e o i e gt
Variable symbols description is available under Table 1. ™"": Significant at P < 0.05 and P < 0.01, respectively
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Table 3- Parameters of the models fitted to the semivariogramsfor soil variables

; g U awls Ol o
e, JM&@&» L;"'W'S » ) ‘5‘ L3 )-" - ‘5‘ ) “)-"/ e )":2%’;’“’ 0 ..J‘f
Variable Spatial dependence, (%) Nugget Sl Nugget/sill PRt o
model Range (m) RSS R
Sand o5 055G 555 S 1063 98 1048 0.09 5222 0.99
Silt s 5,5 Sph 55 S 1154 13 2253 0.006 1799 0.99
Clay ) oSG 555 . S 1465 64 438.9 0.15 1906 0.98
0C I cp8 B .S 660 0.1 1.05 0.1 0.34 0.23
CaCO; Sal 5,5 Sph 5 S 1210 0.1 46.83 0.002 236 0.94
PH, a5l 3,5 Sph 58 S 1018 0.047 0.247 0.19 0.009 0.83
ECias Sy colan 055G Laugio M 1987 2.14 9.29 0.26 245 0.87
P2 (e S ws5G 558 S 1903 112 534.9 0.21 1255 0.98
SAR 25
1SS dad e s
GSE RS s oSl G g M 1614 0.111 027 0.41 0.0009 0.92
MWD
Variable symbols description is available under Table 1. S: strong; M: moderate; W: weak. Sph: Spherical; G; Gaussian; E:
Exponential.
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Figure 2. Semivariograms (points) and fitted models (lines) ofmean weight diameter of aggregates (MWD) and sodium
adsorption ratio (SAR)
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Table 4. Accuracy assessment indices for estimating soil variables using different interpolation methods

a o9y S ke s slhe (il Uad Olayye (n5ko jedoe (WS co pd
Variable Method ME MAE RMSE CCC
MWD (mm) OK 0.005 0.269 0.339 0.279
QS b Sje xSk IDW-1 0.010 0.263 0.335 0.299
IDW-2 0.008 0.262 0.078 0.325
SAR (meq 1")*? OK 0.067 6.51 11.19 0.382
s (o s IDW-1 -0.495 6.33 11.32 0.332
IDW-2 -0.347 6.46 11.48 0.351

ME: mean error; MAE: mean absolute error; RMSE: root mean square error; CCC: Concordance correlation coefficient; OK:
Ordinary kriging; IDW: inverse distance weighting. Variable symbols description is available under Table 1.
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Figure 4. 1:1 Scatter plots of the measured and estimated mean weight diameter of aggregates (MWD) and sodium
adsorption ratio (SAR)
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Figure 4- Spatial variability maps of sand, OC, MWD and SAR in the studied area
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Introduction: Salinity and sodicity are the most important land degradation problems particularly in arid and
semi-arid regions. Due to the depletion of Urmia Lake located in the northwest of Iran during recent years, the
proportion of surrounding saline agricultural lands increased at a past pace. In the salt-affected soils, aggregate
stability is weak due to the high contents of sodium. The analysis of spatial variability of mean weight diameter
of aggregates (MWD) and sodium adsorption ratio (SAR) is necessary to implement a site-specific soil
management especially in the salt-affected soils. The main object of this study was evaluating the effects of
different land uses (bare and agriculture) on the spatial variability of MWD and SAR in the salt-affected soils
around Urmia Lake.

Materials and Methods: This study was conducted in the agricultural and bare lands of Shend Abad region
located at the 15 km of Shabestar city, northwest of Iran (45° 36" 34" E and 38° 6’ 37" N). Totally, 100 geo-
referenced samples were taken from 0-10 cm soil depth with 100x100 m intervals (80 ha) in agricultural (n=49)
and bare (n=51) land uses. Sand, silt, clay, organic carbon (OC), CaCO;, pH.,, MWD, SAR and electrical
conductivity (EC), were measured in the collected soil samples. Thewet sieving method was used to determine
MWD of wet aggregates. The sieves were: 2, 1, 0.5, 0.25 and 0.106mm. The EC and SAR were measured in
1:2.5 (soil: distilled water) extra. The SAR was calculated from concentrations of Na“and Ca’ + Mg'. The best
fitsemivariogram model (Gaussian, spherical and exponential) was chosen by considering the minimum residual
sum of square (RSS) and maximum determination coefficient (R*). Ordinary kriging (OK) and inverse distance
weighting (IDW) interpolation methods were used to analyze spatial variability of MWD and SAR. Spatial
distribution maps of soil variables were provided by Arc GIS software. The accuracy of OK and IDW methods
in estimating MWD and SAR was evaluated by mean error (ME), mean absolute error (MAE), root mean square
error (RMSE) and concordance correlation coefficient (CCC) criteria. The CCC indicates the degree to which
pairs of the measured and estimated parameter value fall on the 45° line through the origin.

Results and Discussion: According to the results of coefficient of variation (CV) from the study area, the
most variable (CV=113.05%) soil indicator was SAR (bare land use), whereas the least variable (CV= 3.52%)
was pH, (agricultural land use). The Pearson correlation coefficients (r value) indicated that there are significant
(P <0.01) correlations between MWD with OC (r=0.58), sand (r=0.60), SAR (r=-0.57), EC (1=-0.56), CaCO;
(r=-0.38) and clay (r=-0.48). Also, negative correlations (P <0.01) were observed between SAR with sand (r=-
0.61), OC (r=-0.38) but positive correlations (P <0.01) were found between SAR with EC (r=0.61), pH. (1=0.56),
CaCOj; (r=0.40) and Clay (r=0.62). The spatial dependency classes of soil variables were determined according
to the ratio of nugget variance to sill expressed in percentages: If the ratio was >25% and <75%, the variable was
considered moderately spatially dependent; if the ratio was >75%, variable was considered weakly spatially
dependent; and if the ratio was <25%, the variable was considered strongly spatially dependent. The strong and
moderate spatial dependences with the effective ranges of 1903 and 1614m were found for SAR and MWD,
respectively. The OC and EC variables had the least (660m) and the highest (1987m) effective range,
respectively. The range of influence indicates the limit distance at which a sample point has influence over
another points, that is, the maximum distance for correlation between two sampling point. The models of fitted
semivariograms were Gaussian for both MWD and SAR. The best prediction according to CCC criterion was
obtained by OK for SAR (0.382) and IDW (*2) for MWD (0.325). The spatial maps showed that from
agricultural to bare land use by nearing to Urmia Lake, the MWD decreased by decreasing OC and increasing
EC and SAR.

Conclusions: Results showed that MWD negatively related to the SAR and EC and positively related to the
OC and sand in the study area. The SAR correlated positively with EC and Clay and negatively with sand and
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OC. The spatial dependency was found strong for SAR and the moderate for MWD. The soil OC showed the
smallest effective range (660m) among the studied variables. As a suggestion, for subsequent study, soil
sampling distance could be taken as 660m in order to save time and minimize cost.

Keywords: Agricultural lands, Mean weight diameter of aggregates, Saline and sodic soils, Spatial
variability, Shabestar





